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Preface. 

The occasion for this book was the situation that faced the 
chemical industries of this country in 1915-1918. At a time 
when, under the stress of war conditions, engineers with no 
previous chemical experience were called upon to build chemical 
plants, they were greatly handicapped liy the lack of much neces¬ 
sary information in a readily accessible form. No collection 
was available of the known data on the action of industrial 
cliemicals on construction and other engineering materials as 
far as the authors have been aide to discover, and not even a 
moderately comprehensive bibliography e.xisted to serve as a 
guide to the great mass of disconnected and widely scattered 
information in the literature on the chemical lichavior of ma¬ 
terials used in the construction of plants and apparatus. 

In entering this neglected but important field the object of 
this book is threefold; it aims fa) to ])resent the results of 
experiment and of general knowledge in a full but not neces¬ 
sarily exhaustive w’ay, and wherever ])ossil)le to give quantitative 
data; (b) to serve as a bibliography of the subject by referring 
to all the sources used; (c) to stimulate further research and 
publication along this line by showing what parts of the field 
are incompletely covered, and by suggesting ways of making 
results more generally comparable ami hence more practically 
useful. 

The authors, realizing the difficulties of covering a field of 
knowledge as extended as this one, have endeavored to make 
this modest volume rcpre.sentativc rather than exhaustive. If, 
in addition to presenting useful knowledge in a condensed form, 
it shall have directed the attention of tl 'se interested to the 
necessity of further systematization of research along these lines 
and the no less urgent necessity of stating results in an in¬ 
telligible way, it will have acconqilished much. 

Most manufacturing organizations possess more or less com¬ 
prehensive information on the Ireliavior of the engineering ma¬ 
terials they handle. These organizations would perform a 
service to the industry at large as well as to themselves by pub¬ 
lishing such data. If this book proves of sufficient use to 
warrant in time a revised edition, it is hoped to include a large 
amount of such fresh material. 

The authors wi,sh to express their gratitude to numerous 
manufacturers of equipment and of chemical products, and to 
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various chemical engineers, who have contributed valuable sug¬ 
gestions and data for this book. ’ • 

Note:—A bibliography will be found at the end of each chapter 
and at the end of eadi section of Ch.-ijjtcr 11 . The refer¬ 
ence numbers (indices) throughout the text refer to these 
bibliographies. 
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THE CHEMICAL RESISTANCE 
OF ENGINEERING MATERIALS 

1. Introduction. 

'I'hc behavior of engineering materials towards chemicals with 
which they must come in contact is of importance to all those 
having a part in designing, building or operating a chemical 
|)lant, hut to the designer it is of especial importance, since 
when materials are once erected and installed, modifications are 
enormously inconvenient and expensive. While the choice of 
materials usually presents itself to the architect and engineer 
in terms of materials available, mostly of well known char¬ 
acteristics, chosen on a basis of cost and strength, the designer 
of chemical plants and equipment attacks the problem from a 
slightly dirferent aii.glc. I'or him the controlling proximate 
factor is usually the chemical to he handled, and strength and 
apparent cost take second place; lead may not be too weak 
nor platinum too dear for him to use on occasion. 

For this reason the data in this hook have been arranged 
primarily according to the chemical materials h.andled, and sec¬ 
ondarily according to the construction or engineering materials. 
This grouinng, however, has not been adhered to strictly where 
it would involve the sacrifice of convenience and readability. 
Any inconsistency that may result from this plan is corrected 
by the index, the free use of which will make available all the 
data on a given material or chemical. 

It is difficult to make sweeping generalizations where so many 
kinds of reactions arc involved, hut at Ic ist one broad classifi¬ 
cation of behavior may be made. There is an obvious difference, 
for example, between the slow action of an acid solution on 
the walls of a steel kettle, and that of an alkaline liquor on a 
wooden tank. In the fir.st instance (since over any considerable 
area a metal can be assumed to be homogeneous ) the deteriora¬ 
tion of the steel is nearly proportional to the loss of weight 
per unit surface, and the action is comparatively uniform; only 
the surface is attacked, and the destroyed jiortion is largely 
dissolved or corrofled away. In the second instance the de¬ 
terioration bears no simple relation to the change in weight. 
Obviously the results of experiments on the deterioration of 
iron and wood must be expressed in different terms. 

II 



12 CHEMICAL RESISTANCE OE ENGINEERING MATERIALS 

Engineering materials, then, may be divided into two main 
classes for the purpose at hand;—(a) comparatively homo¬ 
geneous and non-porous materials, such as metals and alloys, 
that deteriorate chiefly on the surface alone, and (b) non-homo- 
geneous, porous materials, usually of organic origin, like wood 
and textiles which deteriorate throughout the mass. The de¬ 
structive action of chemicals on the first class (and most of the 
actions‘to be considered are destructive) can usually be best 
expressed as loss in weight per unit area per unit time; for the 
second class no rule can be laid down, but each case must 
be judged on its individual merits, changes in tensile strength, 
crushing strength, hardness, ai)pearance of surface, etc., being 
indicated as appropriate indices of the resistance of the different 
materials. 

Users of chemical engineering materials on a large scale are 
often prone to belittle any and all laboratory experiments in¬ 
tended to test the suitability of different materials. But labora¬ 
tory exjicriments arc justifiable and useful provided that every¬ 
one is fully aware that the results given are those of a labora¬ 
tory experiment, and provided that the conditions of the ex- 
])criment are accurately defined. Naturally, the more nearly 
the laboratory experiment can be made to duplicate the condi¬ 
tions met with in actual practice, the more it may Ije re¬ 
lied on. 

In all experimental work of this kind it cannot be too strongly 
emphasized that the conditions of the experiment must be pre¬ 
cisely defined, if the results are to be reproducible and comparable 
with other work—in other words, if they are to lie of any 
real use. It is unfortunate that many independent investigators 
and many manufacturers of materials recommended as .specially 
chemically resistant neglect this in publishing data. For ex¬ 
ample, results of the action of an acid on a metal, expressed 
in units of jiercentage los.s of weight in a given time, are quite 
useless for comparison with the results of other workers, and 
there is no assurance that the results are comparable among 
themselves; the necessary datum, of surface exposed is lacking. 
Fortunately results expressed in tins way are found chiefly in 
older work. 

In describing the conditions under which experiments are 
carried out, as many as possible of these conditions should be 
expressed quantitatively. Among the most significant' are:— 

Analysis of sample tested. 

Composition of the destructive reagent (percentage of acid, 
alkali, salt, gas, etc.). 

Temperature. 

Rate or kind of agitation of solution, or lack of it. 

Duration of experiment (possible variation of composition 
of .solution and rate of action). 
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Acidity or alkalinity of destructive reagent (behavior to¬ 
wards indicators, or hydrogen ion concentration). 

Presence of catalytic substances in solution. 

Presence of non-electrolytes, sugar, gelatine, infusions from 
wooden containers, etc. 

Contact with other metals (possible electrolytic effect). 

There are, of course, many other factors of importance, such 
as condition of surface, presence of occluded gases, dissolved 
air in reagent, etc., which vary with each case. 

Many factors that affect the results do not lend themselves 
to convenient quantitative expression, but may be indicated 
qualitatively; such as, 

Color and surface changes. 

Condition of surface of sample. 

Appearance of coatings, precipitates or turbidity. 

Even here, however, quantitative methods are attempted. Depth 
of pitting is estimated by buffing down the surface until the pits 
disappear and noting tiie thickness ground off. 

The tremendous influence of agitation on the deteriorating 
action of chemical liquors is often undercstiniatetl. This was 
forcibly brought to the attention of one of the authors by the 
following circumstance:—'I'hree identical steel tanks (former 
tank car bodies set on end) were irsed for a metallurgical 
leaching .solution slight acid with sulfuric acid. The solution 
was agitated with compressed air in the second tank of the 
series; there was no agitation in the first tank; in the third 
tank the solution was slightly iigitated owing to the turbulence 
caused by the pump. The center tank corroded very quickly 
so that it could no longer be used; the third tank outlasted the 
center one, but showed appreciable corrosion; tlie first tank was 
hardly corroded at all at the end of six months. Needless to 
say, iron tanks should not have been used for such a purpose 
at all, and were replaced with wooden tanks paintetl with an 
a.sphaltum paint. 

Robert J. McKay * investigated the inlluence of agitation on 
corrosion in connection with the pickling of steel; he says:— 
“The rate of agitation must he controlled. Rates of corrosion 
of^ metals by acids arc in general slower when there is no 
agitation, but they may be greater and may vary considerably 
in ratio from the rates under agitated c(.)nditions. Tests made 
under quiet conditions must be subject to large error on account 
of changes in the concentration of the corroding solution around 
the corroded surface, and hecau.se of the impossibility of pre¬ 
venting any movement of the solution, and of controlling the 
slight movements which must exist. For this reason practical 

*Iron Trade Review, 1922, p. 963. 
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conditions which closely approach ([uiet contact are the hardest 
to duplicate in the laboratory, Init fortunately this is a con¬ 
dition which exists comparatively seldom in jiicklinfj work |or 
in any practical handling of corrosive liquors in metal chemical 
equipment: aiillwrs]. 

“In general, a gentle rate of agitation will increase the rate 
of quiet corrosion by lOO per cent or more and this corrosion 
will then be comparatively constant until the rate becomes violent. 
It has been shown that violent agitation, such as the action of 
a jet of air at about 15 i>ounds per square inch |ircssnro in 
the corroding solution will produce greiitly accelerated corrosion. 

“The aeration of a pickling l)ath will increase the rate of 
corrosion of most anti-acid metals several times, and must there¬ 
fore he one of the conditions most carefully studied. In tests 
to duplicate practice, the air contacts of the test must be ar¬ 
ranged so as to produce the same average air concentration in 
the solution as exists in |)ractice. 'I'lie sm.all total amount of 
o.xygen soluble in solution must always be taken into considera¬ 
tion both in laboratory tests and in |)ractice. The importance of 
this consideration has been shown by tests wherein the rate 
of a sample of metal agitated within one inch of the surf.acc of 
a solution, the surface being in contact with air and no saturating 
apparatus being used, was twice that of a sample of the same 
metal handled in the same way, but immersed several inches deep. 

"The possibility of changes in the concentration of the solu¬ 
tion, and the iiossible elTect of cajrrosion products both precipitated 
and dissolved, must be studied, t'hanges in concentration during 
corrosion m.ay have a direct effect on the corrosion rate, hut 
more important than this is the possibility of setting up corrod¬ 
ing electrolytic cells by variations in coiucntration of the ma¬ 
terials in solution from one point to another. 

“It should be remembered in all attempts to apply labora¬ 
tory results t(j jiractical corrosion |)roblenis that each form of 
corrosion is a problem of its own, and that the mechanism of 
the chemical action entering into the corrosion must be known 
to apply such results intelligently. For instance, the mechanism 
of the corrosion of the tie-rods in pickling tanks is entirely 
dilTcrent from that of the corrosion of pickling pins, anil re¬ 
quires a different form of apparatus for the siudy. Such differ¬ 
ences must be even greater in pieces of ,apparatns used for more 
widely divergent purposes.” 

Mr. .McKay's suggestion regarding concentr.ation cells is v'ery 
interesting as being the probable explanation of those apparently 
contradictory instances where agitation decreases corrosion in¬ 
stead of increasing it. There are .also c.ases recorded where 
gentle agitation decreases the corrosion, but when the agitation 
is increased the corrosion is augmented. The c.'cplan.ation is prob¬ 
ably that up to a certain jioint the beneficial effect of breaking 
up the concentration cells and homogenizing the liquid is greater 
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than the detrimental effect of aeration and agitation. .When the 
agitation becomes violent, the usual corrosion promoting con¬ 
ditions become preponderant. 

Agitation with air is jrarticularly interesting as three distinct 
influences seem to be involved (i) agitation (2) the chemical ac¬ 
tion of the air (3) ero.sion. Agitation'with air brings new por¬ 
tions of the corroding li(]uid in contact with the corroded surface, 
just as in the cases of agitation with paddles or circulating pumps. 
It also tends to remove protective films in the same way. But 
in addition to the above it exerts a. distinct chemical action 
in many instances. 

This is in line with numerous cases in chemical engineering 
where a given material can he used for handling a corrosive 
liquid provided that air is excluded. Co])per condensers are 
used with acetic acid stills, and arc little affected if air is kept 
out. If the plant is shut down, the condensers and connections 
have to be thoroughly washed out with water to prevent their 
destruction. The same is true in the distillation of fatty acids 
through copper condensers. The chemistry tif this phenomenon 
has never been thoroughly worked out. ljut possilily involves 
the greater ease of formation of the basic salts of these acids 
with copper. 

The influence of other metals in contact with the metal being 
studied is of great importance as such contacts in the presence 
of a corroding solution are frequently met with in industrial 
work. Cast iron baffle plates in the blow-pits of sulphite pulp 
mills stand up better when iron holts rather than bronze bolts 
are used, as has been the custom for years. The theory of such 
phenomena simply involves the usual problem of setting up 
electrolytic cells. Ilow'cvcr, in its practical application it becomes 
very complicated. Not only are there cases of one metal in 
contact with another, hut of cells set up between different por¬ 
tions of the same mass of metal. Very small differences in 
composition, in structure or (a])parently) in condition of the sur¬ 
face, may set up such electrolytic corrosion. Even differences 
in the strains set up in different portions of a mass of metal 
by the mechanical use to which it is subjected can be a cause of 
such action. Idle rails on a railroad corrode much more than 
busy rails.* This has been explained f on a number of grounds: 
(i) constant vibration causes .shedding of rust; (2) vibration 
break uj) areas of different potential; (3) rise in temperature 
due to use vai)orizes film of moisture; (4) films of oil; (5) electro¬ 
lytic action set up between bright iron of top and dull iron 
of bottom of rail, d'he real explanation seems to be (5), although 
it is probably strains set up in the structure of the steel rather 
than the brightness, which is merely an attendant circumstance. 

The impeller of a bronze :;xhauster remained bright after the 

* Stephenson, Report British Assn. Advancement of Science, 1843, p. 78. 

f Watts, Trans. Am. Eleclrochcm. Soc., 33 (1918), 173. 
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casing, made of the same material, was heavily corroded. This 
was probably due to the constant shedding of corroded particles. 
In many instances corrosion seems to proceed according to some 
exponential law, and never gets very far if nuclei are not allowed 
to reach any considerable size after formation. It is a matter 
of common knowledge that nothing deteriorates so quickly 
around a chemical plant as idle equipment, and that even an 
occasional “dusting off” and “wiping up” of a piece of equip¬ 
ment will do much to keep it from becoming corroded. 

The most important instances of corrosion being furthered 
by the contact of dissimilar metallic material, however, occur 
in connection with coated metals, many of which are in com¬ 
mon use in general construction, and an even greater variety 
in chemical construction. Of such materials in common use 
we might mention tin plate, galvanized iron and terne metal. In 
the chemical industries we have lead lined iron, tinned iron 
and homogeneous lead, tin and silver lined copper. 

Such coated metals iirescnt peculiar problems, ami vary in 
their degree of liability to corrosion, dei)en(ling on the electro¬ 
chemical relations of the two or more metals, the porosity of 
the coating and the mechanical iierfection of the bonding be¬ 
tween the coating and the metal coated. This subject will be 
considered in a later cha])tcr under rusting and atmospheric 
corrosion. 

It is almost impossible to classify corrosion reactions from 
any theoretical point of view, or according to any orderly scheme 
based on natttral Law. .Some corrosive reactions are simple 
cases of solution, others arc replacement reactions, still others 
in\’olve oxidation ,'ind reduction. .Many different types of re¬ 
action are cajiisidered in the following cliairters. The tyiie most 
commonly met with in the corrosion problems of chemical jdants 
is that in which an ionizable. hydrogen or metal (in an acid 
or a .salt) is rcpl.aced by a more positive metal. The solution 
of iron by dilute sulfuric acid :— 

Fe -f 1 FSO.,-> Fe.SO, + 11 , 

in which hydrogen is .set free, is a common example. 'I'o the 
same class lielongs the less frecpiently encountered reaction be¬ 
tween metallic iron and the copper salts:— 

Fe -f FmSO.i-v FeStd., f'u 

in which copjier is set free, which reaction is utilized in the pre¬ 
cipitation of copper from mine water on scrap iron. All dilute 
aculs, and many metals react in this way. 

The concentration of the acid is fre(|uently the determining 
factor in the reaction, f or instance the eijuation :— 

Cu -f 2IFS<;F-> CuSO, -h 211,0 + SO, 
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represents what takes i>Iaee between eopper and .Arong sulfiirie 
acid, but when the sulfuric acid is dilute the reaction (with 
zinc) is:— 

Zn + ll,S(), - ZtiSO. + TT, 

N'ilric acid acts (lilTerently from sulfuric, hydrochloric and 
most other acids, on account of I he fact that it enters into 
reactions as an o-xidizing agent, as well as an ordinary acid group, 
h'or in,stance, nitric acid with tin gives metastannic acid TLSnOj, 
h'or this reason, nitric acid often appears not to act on a metallic 
surface ;it all. It coats the metal with a layer of insoluble oxide, 
hydroxide or other compound, and then ceases to act. This re¬ 
action forms a basis for one explanation of the passivity phe¬ 
nomena which will be referred to at length in a subse(juent 
chapter, 

'J'o return to the consideration of the sim])le re.actions in which 
an ionizablc hydrogen or metal is replaced by a more electro¬ 
positive metal, it should be noted that such reactions depend on 
the ionization of the acid or salt in solution, .'since concentrated 
acids arc not at all, or only very slightly, ionized, their reactions 
with metals are of the other types described, ustially involving 
the destructive reduction of the acid, and the oxidation of the 
metal. In most cases such reactions re(|uire a high temperature 
to acquire any considerable velocity, dlie action of concentrated 
sulfuric acid on iron, copper and mercury is of this type (see 
following chapters). 

Further attempts to classify corrosion reactions would hardly 
seem to be demanded in a work such as this, since they vary 
greatly and are e.xceedingly complex, especially tbo.se in which 
organic materials are involved; the reactions (described in a later 
chapter) of organic halides with metals will serve as a reminder 
that many clas.ses of compounds, other than acids, caustic alkalis 
and their salts may be corrosive. 

,\s an example of the complexity of organic corrosive reactions 
might be mentioned the case of tetrachloretliane, now widely used 
,as a solvent, which actively <'ittacks metals, both when free from 
water (in contradiction of some ])ublished statements), as well 
as in its presence. A tentative view has been put forward by 
Sastry that under the inlluence of heat, and in the presence 
of metals, tetrachlorethane loses a Tnolecule of hydrogen chloride, 
giving trichlor-cthylenc, as follow's :— 

Click.Click,-» kfCI-l-CCI,:CllCl. 

The hydrochloric .acid then acts on the metals. This seems im- 
])robable, however, since dry byalrogen chloride is not corro¬ 
sive. The reaction, where it occurs dry, is probably similar to 
a Wiirtz reaction. 

*J. Soc. Cliem. Iml., 35 (1916), 94. 
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Complex as these cases of corrosion are, they are of con- 
siflerahle importance owinf,^ to the extensive use of clilorinatcd 
organic compotinds as solvents in various commercial |)rocesses 
of solvent extraction of oils and fats, and tlu-ir elTcct on various 
metals will be discns.sed in detail in a later chapter. 

In the following pages an attempt has hecn made to summarize 
the reliable and useful data available both from laboratory ex¬ 
periments on the deterioration of materials in contact with cor¬ 
rosive liquids and from the observations of |>ractical |)lant operat¬ 
ing men. As with most technical subjects, wdiat is known today 
is little in comparison with what remtuns to be found out. It 
is to be hoped that there will he more co-operation in ilic 
future between plant engineers, builders of equipment and manu¬ 
facturers of metals and otber materi.ils. 

liuilders of equipment are often expected to accomplish miracles 
by supplying successfully resistant i)umps or valves wdien the 
data given them are incomplete or actually misleading. As 
an illustration of this, an eqtiijnnent manufacturer was asked 
to sui)])iy a hard ruhher pump for handling a solution contain¬ 
ing dilute hydrochloric acid, the concentration of which was 
detinitely expressed. \ few weeks after the punqi was put in 
operation the manufacturer was informed that it had softened, 
swollen, disintegrated in jiart, and was useless for furthc'r service. 
(In investigation it was f(nuid that the liquor being pum])ed con¬ 
tained about 40 per cent mixed hydrocarbons! It was really 
an emulsion, d'lie plant mainiger had alkjwed the emulsion to 
separate, estimated the acid content of the water layer, and 
communicated that to the e(|uipment manuf.acturer, secure in 
the belief that as far as destructive iniluence was concerned, 
only the acid mattered. 

It.should be re.dized th.at the modern manufacturer of chem¬ 
ical plant equipment is usually to he considered as an engineer, 
rather thati a merch.ant, and as a rule he can be depended on 
for much expert advice in the selection of materials. It will 
u.sually be fotmd profitable to take up unusutd problems with 
the reliable btiilders of the type of e(juipment under considera¬ 
tion, placing all necessary data before tl in for consideration. 
Much of the progress in the last few years m the jirojicr selection 
of materials, and in the introduction of new materials, has been 
due to the enterprise of eiiuipmcnt buildcis, and much of our 
progress in the future must depend on a true s]iirit of co-opera¬ 
tion between the manufacturers of materials, the manufacturers 
of equipment and the operating exectitivcs who use the equip¬ 
ment in plant and laboratory. 



II. Sulfuric Acid apd Metals. 

I. Sulfuric Acid and Iron. 

Sulfuric acid is the most widely used mauufactured chemical 
ill both chemical and non-chemical industries. Not only its manu¬ 
facture but its handling and storage have been exhaustively 
studied, and the results of this study furnish a large number of 
data concerning its action on engineering materials, llecause of 
the importance of iron in civilization and industry ^ and because 
iron satisftictorily resists the attack ol certain strengths of sul¬ 
furic acid, information as to the behavior of iron and iron alloys 
is abundant, 

'J'echnically and industrially sulfuric acid |)lays a double role 
in its chemical behavior, for unlike nitric and hydrochloric acid 
it is easily manufactured jiractictdly water-free and is stable in 
this condition. Acids may be divided for convenience into two 
classes according to their destructive action on metals: (a) Non¬ 
oxidizing acids, such as hydrochloric, that attack metals by 
virtue of being acids, i. c. forming salts with l)ases and producing 
hydrogen ions when dissolved in water; and ( b) oxidizing; acids 
that attack metals by o.xid.ation as well ;ts by the formation of 
salts or the production of hydrogen ions.* In the behavior of 
concentrated sulfuric acid, particularly at high temperatures, 
oxidation reactions play a prominent part; concentrated sulfuric 
acid is little ionized, and its salt forming ability, especially with 
less active metals like iron, is less marked. Dilute sulfuric acid, 
on the other hand, acts towards metals in most cases simply as 
an acid, and causes little or no oxidation. Since in an oxidation 
the oxidizing agent is itself ahvays reduced, these facts may 
be summed up in another way: concentrated sulfuric acid, par¬ 
ticularly at high temperatures, is easily reduced by many metals; 
dilute sulfuric acid is not. 

Sulfuric acid has another peculiarity in that it may be made 
of apparently greater than too per cent strength; in other 
words its w'ater content may be in effect reduced to less than 
nothing. This seeming paradox is due to the fact that acids 
of an apparent strength greater than too per cent are actually 
mixtures of sulfuric acid, II2SO4, and its anhydride, SO3. The 
latter may be considered potential sulfuric acid, requiring only 

* See p. 46 below, the electromotive scries of metals. 
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union with water to make it actual sulfuric acid; hence mix¬ 
tures of sulfuric anhydride with the acid have many characteristics 
of a more concentrated acid than the loo jier cent product. 

While sulfuric anhydride, SO.,, sulfuric acid, H^SOj, and its 
hydrates, HaSOi.nil-O, are definite chemical individuals, the 
chemical properties of their mixtures vary smoothly, though pass¬ 
ing through maxima and minima, from the most dilute acid to 
simple SOs. 

Sulfuric acid of more than 98 per cent II^SO., content is known 
as oleum or fuming sulfuric acid, since it gives off fumes of 
free SO3 when heated. 

All strengths of pure sulfuric, acid up to loo per cent arc color¬ 
less liquids at ordinary temperatures; certain strengths of oleum 
are solid, as is pure sulfuric anhydride. (irdinary concentrated 
acid is an oily liquid with a specific gravity of 1.84. 'I'echnical 
sulfuric acid is dark gray or brown to colorless according to 
its purity, and usually deposits a sediment on standing. 

The commoner strengths sold are; 


Per Cent 

Degrees 

Specific 

Itoiling 

H:SCb 

Hiiuine 

(iravily 

I’oint 

104 




9 .? 

'66^ 

1 

281" C. 

7 « 

60 


197 

62 

50 

J. 52 (> 

146 


The facts concerning the Ijehavior of different grades of 
iron and steel towards sulfuric acid are fairly well known, 
hut the reasons for tlic variations are nut definitely agreed on. 
While the behavior of ;i pure metal on first contact with an 
acid of given concentration may be predicteil with considerable 
certainty, the presence of foreign substances has a disturbing 
effect which is often great enough to mask entirely the funda¬ 
mental reaction. Since coniniercial metals, notably iron, are 
never pure, predictions as bt their behavior not based on actual 
experiment must he made and accei)le(l with caution. 

Alloys and metals containing foreign substances, or in other 
words all commercial metals, may l-)e homogeneous, or they may 
be mixtures of several solid phases of v.trying comjwsition, 
chemical properties and electrical characteristics. Their behavior 
towards acids will depend chiefly on: (a) the chemical char¬ 
acteristics of the individual phases taken alone,, as for example 
their solubility in sulfuric acid; (b) the electrochemical relation¬ 
ship between the phases which may result in accelerated action 
due to differences in potential between phases; (c) the forma¬ 
tion of protective coatings, as for example of gas or insoluble 
salts, which retard or stop the action. These factors already 
touched on in the first chapter will not be discussed here from 
a general theoretical point of view, but will be referred to from 
time to time. 

Cast iron, wrought iron and steel vary in their chemical as 
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well as in their physical characteristics. This is illustrated by 
their behavior towards sulfuric acid. In general concentrated 
sulfuric acid acts but little on any of these in the absence of 
moisture; the action increases as the temperature rises; dilute 
acid acts less on cast than on wrouglit iron; the action of sul¬ 
furic acid on iron alloys varies greatly, but alloys containing 
considerable silicon and many containing chromium arc extremely 
resistant. 

Ordinary Cast Iron. 

As has been said, concentrated sulfuric acid acts only slightly 
on cast iron, and in the absence of air at ordinary temperatures 
this is true of acids as dilute as 62 jicr cent. At 100° C., however, 
while the action of 93 |K'r cent acid is still slight that of 78 per 
cent acid is 11 times, and of ()2 |)er cent acid 3 tittles as great 
as the action of 93 per cent acid. 

Comparison of the action of the acids at their boiling points 
shows a still greater variation with concentration. The action 
of 93 [ler cent acid at 281". even when it contains a little N-O^, or 
SOi,. is .still almost negligible, but at 197" that of 78 per cent 
acid is 20 times as great, and is 14 times as great as the action 
of 78 per cent acid at ioo“. Ninety three per cent acid at 281° 
acts less vigorously on cast iron than 78 per cent acid at 100°. 
Acid of 62 per cent strength acts less on cast iron at 146° (i. 
than 78 per cent acid at t97'’ C., but fourteen times as much as 
93 per cent acid at 281° C. In this case there is no dif'ferencc 
between pure and commercial acid. 

A table may be made showing these relationships at a glance. 
The action of 93 per cent acid at 281° C. is tahen as 1, and the 
actions under the other conditions shown on that liasis: 


PcrLi-nt r- 

- Tciii|)cratiirL‘ - 

-— --—^ 

If-SO. 281° c. 

C. 

146" c. 

100" C. 

1)3 I 



I 

78 

20 


1.4 

62 .... 


14 



Such an expression of results is of course not strictly (juantita- 
tive, but is a convenient way of bringing otit the general facts. 

It is obviously not feasible to concentrate acid of 78 per .cent 
strength in iron, hut 93 jier cent acid may be handled in this way. 

The various kinds of cast iron do not differ in their behavior 
towards 93 per cent acid at any tem])erature, nor towards weaker 
acids below ioo° C., but the more dilute acids at their boiling 
))oints act decidedly less on charcoal ]iig and on chilled cast iron 
than on any other kind, and to the greatest extent on Scotch- pig 
or mixtures containing it. No difference has been found between 
hot and cold casting.* 

Although cast iron is comparatively little dissolved by fuming 
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sulfuric acid,'’ it is cracked by its action, sonietinics with almost 
exjilosivc violence. I'ailures of this kind occurriiifj in cast iron 
chemical apparatus were formerly attrilmted to j^ases produced 
under heavy jiresstire in the interstices of the metal hy reactions 
in which sulfuric acid is reduced to sulfur dio.xide and hydrogen 
sulfide and in which carlion dio.xide is formed. .More recent 
work, however, indicates another cause, h'ree sulfur trioxide 
(S( 3 a), as it is present in oleum readily oxidizes silicon eitlier 
free or alloyed with iron, and the greater volume of the silicon 
dioxide (SiO^) produced in the pores of the casting produces 
a condition of internal strain that may eventually result in the 
cracking or hur.sting of the metal.'' ( ast iron should, in order 
to resist acids, have a liigh total and low graphitic carbon con¬ 
tent, the rev'erse of the conditions necessary for alk.'di-resisting 
iron.” 

Wrought Iron and Steel. 

( )f even greater jiraeticid imiiorlance than the action of sulfuric 
acid on cast iron is its action on steel. The following table 
shows the action of various strengths of acid on three different 
kinds of iron at ordinary tenpieratures.'' 'riic metals tested 
had the following carbon contents: 


Tct.'il ('.'ii'lion (irapliitie t'.'u'Iicn 


Cnst 

Iron. 

. . 3 55 


2.787% 

Mil.l 




WroiiglU fion.. 

. (I.O7 

9 


ACTION Oh .SllLhtiRrC 

.\CII) ON 

IKON 

I. OSS IN 

(iUAMS PKK 

SoUAPK MkTF.K 1 

•KK llol R JUiRINC. 72 IToLIR.S 



AT 



lh.SO, % SO:, % 

Cil.'l Iron 

.\liUl Steel 

Wrought Iron 

4S.8 

390 

0.2177 



61. J 

So.o 

0.1510 


0.3032 

67.7 

.S 5-3 

0,0847 


0.0789 

73.4 

59-9 

o.o 99 j 


0.0(123 

7n.7 

95.0 

0.159(1 


0.1159 

«3.7 

(>,S ,4 

0.1388 


0.1052 

85.1 

90.5 

0.13o() 


0.1034 

<S8.J 

72.0 

0.1(136 


0.1417 

90.6 

73-9 

0.1790 


0.1339 

92.0 

7.’;.2 

o.ooH.'i 


0.1040 

93.0 

7.S.9 

O.o73(j 


0.0855 

94.1 

77.0 

0.07J.? 

0-0933 

0.0708 

95-4 

77-9 

0.127.1 

0.147' 

0.12(K) 

(yi.S 

79.0 

0.1015 

0.0815 

o.o(;88 

98.4 


o.oC)81 

0.0533 

0.0655 

98.7 

80.9 

0.0583 

o.o5o<4 

0.0570 

99.2 

81.0 

0.05(18 

0.0418 

0.0504 

99-3 

81.07 

0.057 

0.04 J 

o.o5f' 

99-5 

81.25 

0.0()0 

0.038 

0.049 

99-77 

81.45 

0.0(>() 

0.042 

0.049 

100.0 

81.63 

0.087 

0.088 

0.076 
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Total SOj 

Free SOs 




% 

% 




81.8 

0.91 

0.201 

0.393 

0.323 

82.02 

J.OO 

0.190 

0.285, 

0.514 

82.28 

3.64 

0.132 

0.44 f 

0.687 

82.54 

4-73 

0.154 

0.956 

1.075 

82.80 

7-45 

O.I51 

0.566 

1.321 

83.50 

10.17 

0.079 

0.758 

1.540 

84.20 

12.89 

0.270 

1.024 

0.892 

84.62 

16.16 

0.271 

1.400* 

0.758 

850s 

18.34 

0.076 

1.988 

1.530 

86.00 

23.78 

0.070 

0.245 

0.471 

8S.24 

34.67 

0.043 

0.033 

0.053 

90.07 

45.58 

0.040 

o.oi8 

0.019 


At first glance the most striking feature of tlie table is the ir¬ 
regularity of the figures giving the weights dissolved compared 
with the strengths of the acid used. Sonic generalizations may, 
however, be made. The actions on cast iron and wrought iron 
are about the same with strengths up to KXi per cent, but oleum 
containing up to 24 per cent free SOj acts considerably less on 
cast iron. The action on steel is similar to that on wrought iron, 
but steel is slightly less acted on by acids of 98-100 per cent, 
and slightly more acted on by oleum of 13-18 ])er cent free SO.,. 

It is interesting to apjily these figures to a hypothetical case 
based on conditions actually found in practice. Sulfuric acid 
of 93 per cent strength I!.) w'ould dissolve a steel tank at 
a rate of approximately o.i g. ])cr sq. m. per hour. If the tank 
had a circumference of 6 m. (somewhat less than 2 m. in di¬ 
ameter), and a length of 4 m., its area would be 24 scj. m. It 
would therefore be dissolved at the rate of 58 g. per day, or 
1.7 kg. per month. The specific gravity of iron being taken as 
7, a layer 0.01 mm. thick would be dissolved in a month, pro¬ 
vided the dissolution continued at the same rate during the whole 
time. Oleum with 18 per cent free .SC), would act nearly tw'cnty 
times as fast. That the question of the life of a tank cannot 
be settled definitely in quite such an offhand way is indicated 
by the fact that in such cases the rate of action is usually not 
constant, and generally decreases. 

A table of figures given by Lunge,- is quite different from that 
just discussed. The experimental conditions were somewhat 
different, for the action was continued for six day? instead of 
72 hours, and no analysis is given of the metals tested, either 
or both of which facts may account for the difference, assuming 
that there has been no tyjjographical criarr: 

ACTION OF 100 PICK CENT fbSO, ON CAST AND 
VVKOUGIir IRON 

/-Loss, Per Cent- i~ -Ixiss, g/sq. cm.-, 

Metal 6 days at 20° 2 hours at too” 6 days at 20° 2 hours at 100° 

Cast Iron. 0.041 0.071 o.oha 0.015 

Wrought Iron.. 0.175 0.313 0.056 O.095 
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Ihe last two are of course the significant columns. If the 
second 20 column is calculated in terms of grams per square 
meter per hour, the relatively enormous figure of 4.3 is obtained. 
If, however, a typographical error was made in e.xpressing the 
results, and they should have been in grams per square decimeter 
(as is the ca.se with other tables), the figure would be 0.043, 
in fair accord with the values of the previou, table. 

Wrought iron is practically passive towaards the stronger 
grades of oleum,^ and a substantially iron free product may 
be made in apparatus constructed of it. riie ma.ximum attack 
is by oleum containing in the neighborhood of 20 per cent free 
SO3, which is also the range of oleum of relatively high elec¬ 
trical conductivity. 

A more recent study of the action of concentrated sulfuric 
acid on iron and steel has been imukA under conditions making 
its results directly applicable to induslri.al practise. 

Laboratory e.xperiments w'ere coiulucled on the action of strong 
sulfuric acid on the following sanqiles of iron and steel, The 
gas produced by tin* reaction was collected, measured, and in some 
ca.ses analyzed. 

A. Steel plate: carbon 0.35 per cent, manganese 0.61, phos¬ 
phorus o,o(), silicon 0.01, sulfur o.ot. 

B. Steel cut from a sulfuric acid drum: carbon 0.045 
cent, manganese 0.375, phosphorus 0.004, sulfur 0.015, silicon 
0.007, nickel 0.46. 

C. Steel wire: carbon 0.51 per cent, manganese 0.48, phos¬ 
phorus 0,046, silicon 0.083, sulfur 0.058. 

D. Wrought iron. 

E. British pig iron. No. 1 Boundry ( soft, gray). 

E. White exist iron (British). 

(-1. Cast iron from Litlpgow, N..S.\\ ., cast in .sand: carbon, 
graphite, 3.16 per cent: carbon combined, 0.57: silicon, 3.27: sul¬ 
fur, o.Oiy; ])hosphorus, 0.792; manganese, 1.51. 

H. Cast iron from Lithgow, N.S.W., cast in chill: carbon, 
graphite, 2.88 per cent; carbon, combined, 0.53; silicon, 3.46; sul¬ 
fur, 0.024: phos])horus, 0,789; manganese. ' 32. 

I. Iron p(,iwdcr obtained by reduction of ferric o.xide with 
hydrogen. 

The experitnents were conducted mainly with sulfuric acid 
“Pure for analysis’’ which contained <17.5 per cent of sulfuric 
acid by analysis. Unless otherwise expressly stated, this is the 
acid used as “concentrated .sulfuric acid.’’ 

With steel wire (C) and concentrated sulfuric acid the fol¬ 
lowing results were obtained: 
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EFFECT OF TE.UFERATURE ON COMPOSITION OF GAS 


Temperature 
25" C. 
30“ C. 
3 u“ C 
35“ C, 

35“ C. 
35“ O'. 
16()“ C. 
Itx)" C. 
i()6“ C. 
iA()° C. 
160" C. 

C. 

180" C. 
201)” C. 


Time from Start of 
Experiment Till 'I'aking 
of Sample 
8 days 
18 days 
54 (lays 

3 (lays 

6 days 
8 days 

'/j liuur 
2 liinirs 

4 hours 

7 hours 
16 hours 
30 hours 

I lujur 
I hour 


H, 

SO, 

96.S% 

3.2% 

(j 8 .o 

2,0 

95.1 

4.9 

(92.5 

7.5 

92.0 

8.0 

(J.i.-it 

6.8 

55.2 

44.8 

.54.5 

45.5 

57.8 

42.2 

01.0 

39.0 

17.9 

82.0 

8.4 

gi.6 

— 

too.o 

— 

100.0 


IfFF'ECT 

OF TE.\I l> 

F.RATtiRh 

; ON voLU.Mt; 

OF GAS 

’ in the second coliiinn 

is the elapsed time at the indicated tern 
peratiire only. 

Temperature 
Kale in c.c. Coeffi- 

1 roll 

1 line 


per Hour ner 

ciciit 

U.sod 

(Days) 

Temperature Sq. Dm. 

for Jo° C. 

li. 

35 

30 

0.08 

. _ 

H. 

6 

.50 

0.07 


1>. 

I 

100 

0 

_ 

it. 

1 

1,50 

2« 


*C. 

43 

30 

0.08 

_ 


8 

35 

0.26 

9-5 


J 3 

40 

0.71 

6.9 


I 

55 

2.6 

2-5 

tc. 

1 

too 

7.7 

1-3 

I 

[(Kl 

2.0 



0.2 

150 

59 

2.0 


<>■5 

160 

229 

3.9 

E, 

O.I 

180 

1919 

2.9 

20 

30 

(j 



7 

50 

0 

— 


j 

KMI 

2.4 

— 


0.5 

150 

*52 

2.3 


0.5 

F >5 

270 

1-5 

1'. 

2U 

30 

n.04 



1 

50 

I.O 

3-3 


0 ..S 

too 

*55 

2.9 

II. 

0.5 

150 

5865 

2.1 

30 

30 

— 

_ 


13 

35 

— 

— 


6 

40 

— 

_ 


9 

50 

0.04 

— 


I 

too 

1.40 

2.0 


I 

1,50 

12.7 

1.6 


I 

1G5 

128 

4.0 


• Same reacting substances lic.atcd first at 30' and temperature then raised 
T rresh iron and acid used for high temperatures. 
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KFFKCT OK COMPOSITION Ol^ METAL 



Lithcow P 

Ki Ikon' (il) 


Tenipcrnturc 

'J'iine 

Jl. 

SO, 

150'" C. 

4 lioiirs 

/•/ 

92.3 

150" 

6 •* 

3-0 

96.1 

165*^ C. 

r “ 

— 

kjO.o 

165“ (*. 

3 " 

— 

lOO.O 

1)KITISU 

i*j(: iuoN, 

No. 1 i'orMiK*.' 

nc) 

TfinpcratiirL' 

'rime 

II. 

so* 

JOO 

5 hours 

350 

^5,0 

150 

3 “ 

— 

100.0 

if>5 

3 “ 

— 

ioo.o 

I'lxITISH W M n 1 

: Cast Fkon (!' 

) 

Temperature 

'rime 

IT 

SO. 

3f> 

\2 (lays 

3.v(> 

(15.0 

50 

24 hours 

J.O 

()0.0 

too 

1 hour 

— 

100.0 


Stkkl I'i.atk (A) 


Teiiiperalure 

lime 

IT 

SO, 

3“ 

14 days 


3-0 

30 

50 “ 

94-7 

5-3 


KATi; OK KILM'ITO.V 

Saniiilc, stffl win- (('); art-a. 1,43 s(|. am.: surface, frcslily pnli.slictl with 
emery c!<jtli; \'(iluiiie of coiueiitratei! sulfuric acid, ()0 c.c. 


! iu l)ay.s 

Temperature 

C. c. Gas Evolved Per 
'^C. 1 lour i’er Stp Dm. 

r, 

30 

o.oO 

8 

30 

0,08 

10 

30 

0.08 

14 

30 

0.08 

16 

30 

0.10 

20 

30 

0.00 

21 

3 <» 

O.JO 

22 

30 

0 . JO 

-*3 

30 

o.o<i 

-"4 

25 

0.03 

27 

*^5 

0.03 

29 

-’5 

0.02 

3 f 

-5 

0.01 

34 

25 

o.(;o 

35 

3 <‘ 

0.14 

37 

30 

0.12 

30 

30 

0,1 T 

41 

30 

0.13 

■U 

30 

0.13 

43 

-’5 

o.o5 

4 ') 

-5 

o.oh 

5r 

-5 

0.06 

5 ^ 


0.05 

53 

-’5 

0,03 

57 

-5 

0.02 

50 

*.’5 

0.05 

60 

25 

0.02 

64 

25 

0 02 

72 

25 

0.00 
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AVERAGE RATE OF GAS EVOLUTION DURING THE FIRST 

TWlcNTY DAYS AT 

30 ° c. 




C. c. 

Iron Wciglit of 

Surface of Quantity of per Hour 

U.scd Iron 

Iron 

Acid 

per Sq. Dm. 

g- 

sq. cm. 

c. c. 


A. 37 

61) 

120 

0.(15 

R. 40 

()U 

120 

o.dS 

C. 20 

143 

60 

0.08 

J f ,30 

62 

120 

0.005 

F- 37 

67 

120 

0 

E. 37 

170 

- 120 

0.035 

G. 37 

68 

130 

0 

H. 3« 

67 

120 

0 

EFFECT OF ACID CONCENTRATION 

ON 

CO.MI’OSITION OF 


GAS 




Time, one week 



Acid Teinpciatiirc 

Iron Used 


11 = SO, 

per cent 




97-5 30 ° C. 

Steel wire 


96.5 3.5 

94.6 30" 

“ 


96.2 3.8 

94.6 26° C, 

li 


98.8 1.2 

|| commercial) 




liFFECT OF ACID CONCENTRATION 

ON 

VOLUME OF GAS 

Sample, 20 g. steel (C) ; 

surface, 143 sq. 

cm.; 

teinperatnre 30° C. 


Time from I^'ir> 

it Rate in c. c. per Tlnur 

Acid Uiied 

Contact in l.)ay 

s 

per Sq. Dcni. 

per cent 




97.5 

6 


0.07 

by analysi.s 




') 7'3 

12 


0.08 

by aiialy,si.s 




96.0 

2 


0.03 

by density 





3 


0.16 


6 


0.37 


10 


<>•37 

94.6 

I 


I.O 

by density 





8 


1.5 


12 


2.37 


Another investigation of tlic effect on the corrosion of steel 
of rotating tlie steel surface in the corroding liquid'’” has resulted 
in the following conclusions: 

'I'he fundamental equation is undouhtedly 

Fe + 2H* Fc’" + 2lT (i) 

The rate at which hydrogen is removed is, in general, the most 
im()ortant ftictor determining the progress of corrosion. It is 
dependent on several important variables, and a study of this 
factor as affected hy these variables offers the most logical 
method for investigating the process of corrosion in acids. 

Hydrogen can he remcjved in two ways—by evolution of gaseous 
hydrogen, according to the reaction 
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2li-fi¥!^, ( 2 ) 

or by deixjlarization by oxidation, either by dissolved oxygen 

(3) 

or by some other oxidizing agent. 

Corrosion at rest is primarily determined bv the rate of hydro¬ 
gen gas evolution, partienlarly with the stronger acids. 

I he effect of velocity is to decrease the rale of the hydrogen gas 
evolution. Velocity decreases the size of livdrogcn Imhblc or 
thiow's off the gas nuclei which aid hubble formation, and hence, 
by increasing the work to be done in forming hydrogen, increases 
the over-voltage. 

V elocity increases corrosion by o.xygen depolarization, since it 
Ihins down the effective film throiigl/which oxygen must diffuse. 
At high velocities the o.xvgen elfect Iiecoiiics so predominating that 
acids varying five hundred fold in concentration give the same 
corrosioti. 

The net corrosion ohserved, being the sum of two effects, 
is chiefly determined hy gaseous hydrogen evolution at very 
low velocities and hy oxygen depolarization at high velocities, 
and passes through a minimum point in the intermediate 
ranges. 

Concentrated sulfuric acid fpd.C-oy.S per cent) acts at the 
ordinary teni[)eratttre on steel and some kinds of cast iron, the 
products being ferrous sulfate and hydrogen, with a small (jtian- 
tity of sulfur dioxide. .As the temjieraltire rises the reaction pro¬ 
ceeds more rajiidly hut with a changing course, and at iSo° the 
gaseous products are sulfur dioxide with occasional small quan¬ 
tities of hydrogen sulfide, hut no hydrogen. The rale is increased 
on an average of about three limes for each 10° rise. 

The rate of reaction depends on the concentration of the acid, 
blit for small dilutions the ratio of hydrogen to sulfur dioxide 
remains almost unchanged. 

Although the rate of reaction dcjiends to a certain extent on 
the composition of the samples (d iron (as indicated by the 
large difference between steel wire and pig iron), an important 
factor governing the reaction wdth any one sample ap[)ears to he 
the condition of the surface. 

Other generalizations warranted hy the results arc: 1, The 
action of 8o-ipo ])er cent sulfuric acid on steel is noticeably 
increased by shaking, probably hy mechanical removal of fer¬ 
rous sulfate from the surface; 2. 07.4 per cent and 84.3 per 
cent acids have less action on steel than 04 ])er cent, per 
cent, 87.9 per cent or 85 per cent acids; 3. the l''e.Sf)4.1 kO 
formed on the surface slows down and sometimes inhibits the 
action altogether; 4. no real similarity exists between iron made 
passive by dipping in nitric acid of J.4 s. g. and iron that is 
slowly dissolved by sulfuric acid. 
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Laboratory experiments on tlie rate of reaction were found to 
give results similar to those obtained on a large scale. 

It is ])ossible to foresee what measures are necessary for safe 
carriage of sulfuric acid in iron drums in any particular instance, 
if the conditions are known. The safety of carriage will depend 
on the quality of the acid, the size of the air space left when 
filling, the temperature, and the time that elapses before irressure 
is released. 

With relatively dilute non-oxidizing acids, e. g. i\'*lf_.SO., 
and iN HC I, the rate of attack decreases with increased purity of 
the iron; pure iron dissolves slowly, gray and white cast iron 
and malleable iron dissolve fairly ra[)idlv. and cast steel lies 
between the two classes.' 

The rate at which wrought and cast iron are acted on by 0.2 
normal sulfuric acid is shown in the folkiuing table,"'' as are 
the analyses of the iron tested. Tlie samples were cold hard 
rolled and polisheil: 1 S(|uarc decimeter was exiiosed to the solu¬ 
tion at a temperature of i7--’<)" t . In one set of e.xperiments 
the pieces were exposed in I liter of solution for seven days, 
the solution being renewed eacli d.iy: in the next set the ex¬ 
posure was for 28 days, the solution being unchanged; in the 
final set, the test ])ieces were immersed in one liter of solution 
for 4 hours. 

■W'.MA’SIS Ol' SAMri.IsS 

t’rr C'eiil.s 


Saiii|)le .Si S 1 ’ C 

Cast iron. j.85 o.ny ].|i) 3._'8 

Wrought iron. ... n.tiy . . . o.(X)5 


ACTION OF 0.2 N II,SO, 0.\' CASI' AND WKOIICIIT 
IRON .\T 17 jo° C. 

I.oss i.N Chams I'l-.u S.:n .\nr: Mktkk I'Sk Hour 

7 clays. I. 28 clays, V, 1, .j honrs, i I. 

Metal .\cici Kenewecl I tailv .Ariel Not Clian.grcl .Arid Not C hanged 

Li.st Iron. *cy.c; 0.4,8 yn.n 

Wrought Ircjii. . *10.1 cj.acj K.75 

* Ksticiicitecl from results of less than 7 itay.s' iminersion. 

The figures show th.at the reaction proceeds at a diminishing 
rate, and that this is jircchably due in part to a protective coating 
which is dissolved oti with each successive change of the solution. 

Burgess and Lngle,"'* however, take the position that purity is 
not the controlling factor in the corrosion ctf iron by iX II-SO* 
and HCl. 'I’liey found perfectly ]7ure electrolytic iron to dis- 
■solve more rapidly than low carbon soft sheet iron, such as 
is u.sed for transformer plates, or than ordinary cast iron. In 
fact, according to these authors, so readily does pure electrolytic 
iron dissolve in dilute sulfuric acid, that it has been suggested 

* See Appendix, p. icj2. 






RELATIVE RESISTIVITY TO X. aSO, OF VARIOUS FORMS OF IRON (BURGESS AND ENGLE) 

Loss IX Grams per Square Meter per Hour 
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in finely divided form as a substitute for zinc in the generation 
of hydrogen. Ilurgess and Engle’s experiments led to the con¬ 
clusion that crystalline or granular structure influences the rate 
of corrosion more than small percentages of impurities. 

The table on page 31 gives the results ()f their experiments. 

There has been a long and bitter controversy between the 
manufacturers of wrought iron and the manufacturers of steel 
as to the relative resistance to corrosion of the two metals, and 
various theories have been advanced. 

The wrought iron makers have depended in the main on a 
theory of protective slag inclusions. According to this theory 
wrought iron owes its corrosion resisting properties to the fact 
that it contains from 4 to 6 per cent by volume of slag, dis¬ 
tributed throughout the mass of metal in the form of fine fila¬ 
ments. Approximately several hundred thousand of these 
filaments exist in each square inch of metal section. Owing to 
the clo.se formation of these slag filaments, the continued attacks 
of corrosion are greatly interfered with; in other words, the 
path of corrosion through the metal is constantly interrupted, 
greatly increasing the time necessary for penetration. 

L. T. Richardson attempted to dispose definitely of the slag 
inclusion theory, and advanced a substitute theory Ijased on the 
nitrogen content of the metal. The following table was intro¬ 
duced in the discussion in support of this idea. However, .such 
a theory seems incapable of general application, an<l rcgardle.ss 
of the possible explanations, the wrought iron manufacturers 
seem to have the facts on their side, as the su])eri()r corrosion 
resisting properties of wrought iron, especially in the form of pipe 
are commonly admitted. 

ANALYSES OF ANCIENT IRONS 


Si 

Iron niJlar, Del¬ 
hi, India (1600 

S 

P 

C 

Mn 

Cii 0 

N 

Cu, 0, 
etc. 

fe 

years).0.046 

Kails from house 

0.006 

o.i 14 

0.080 

Nil 



0.034 

99 - 7 -^ 

at Dedham, 

Mass. (281 
years).o.oag 

0.009 

0.005 

o.ojs 

0.020 

0.016 0.060 

0.005 


99.841 

Link from bridge 






at Newbiiry- 
port, Mass. .. 0.028 

0.014 

0.023 

0.040 

0.008 

Tr.icc 0.027 

0.003 


99.867 


The effect of impurities in sulfuric acid on its action on iron 
is most diverse. hVom I.unge’s work (quoted above) there 
appears to be little difference between the action of pure and 
commercial strong sulfuric acid on cast iron, and the action of 
strong mixed acid (sulfuric and nitric) is in some cases less 
than that of cither sulfuric or nitric acid alone. The presence 
of arsenic inhibits the action of sulfuric acid on iron to a marked 
degree, as has been proved in pickling practise. When the con¬ 
centration of arsenic in pickling acid (H2SO., 60-66° Be) reaches 
0.003 ‘-■ent, the rate of solution of iron in it is approxi- 
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niately one-fifth of the rate in arsenic-free acid owing to the 
formation of a protective coating on the surface of the iion. 
Niter cake (NalJSC),) made from pyrites acid is said to he un¬ 
usable for pickling because of its arsenic content, while that 
from brimstone acid may be successfully employed. 

Alloy Steels. 

Alloy steels containing somewhat large amounts of other metals 
are in some cases I'esistant to cornjsion by acids, but until re¬ 
cent years no attempt has been jii.ade to use or market them 
industrially. In general it seems that the solid solutions of iron 
and the other metals are attacked, while the carliides remain 
unaffected. 'I'liis has been shown in the case of the action of 
to per cent sulfuric acid on .some alloy steels containing va¬ 
nadium, chromium, tungsten, nickel, cobalt and manganese).'* 
An early .sample of a special alloy, de.scribcd as “stainless steel’’ 
did not show satisfactory resistance to corrosion when tested 


with 10 |)er 

cent sulfuric acid: 

“ its composition 

was: 

C.. 

. 0..4 % 

Cr. 

I ->.7 % 

Si . 


Co. 

(*■45 

86.6 

Mil 

. 0.12 

Pc. 


On the other hand .-in alkjy containing ().i<S |)cr cent Cr and o.yi 
pci" cent C was said to resist corrosion very well. 

(Iiemically resistant high-ebromium steels have, however, been 
more thoroughly studied and much developed in the last two 
or three years, and are finding constantly wider application in 
many fields, as for e.xample in cutlery and surgical and dental 
instruments. The standard composition of “Stainless .Steel’’ is 
stated to be; 

I'cr Cell! 

C. o.ao (1.40 

Cr. ii.4n-i4.o<i 

Mil. less than (1.50 

Si... “ “ 0.31) 

P and S . a.s low a.s possible 

IVoperly hardened this steel has a martensitic structure with 
numerous globules of double b'e-Or carbides, and its hardness 
varies as the carbon content." Cold working destroys its stain¬ 
less properties, and heat treatment is necessary to restore them. 
Its coefficient of e.xpansion is 1.01)15 x io"\ 

A steel has been placed on the market under the trade name 
“Chemi-Steer’ designed to meet the requirements for the con¬ 
struction of chemical apparatus.'" Its composition is not given, 
but the results of tests are reported in which this steel is com¬ 
pared with the best gray cast iron. With both 03 per cent and 
77 per cent sulfuric acid the steel showed less jiitting and loss 
of weight on many hours’ immersion at temperatures up to 70° 
than did the cast iron. With the weaker acid its average loss 
was between and that of the cast iron. 














34 CHEMICAL RESISTANCE OF 'ENGINEERING MATERIALS 

Another steel of interesting characteristics and unstated com¬ 
position was recently produced by the Crucible Steel Company 
of America in the effort to develop a heat resisting steel of high 
melting point.”'* The product not only has this quality, but is 
also non-magnetic and resistant to rusting and attack by acids. If 
heated to 700“ C., it becomes susceptible to magnetic attrac¬ 
tion, but can be returned to the non-magnetic state by heating 



Chcini Steel Cast Iron 


93 Per Cent UiS04 



Chenii-Steel Cast Iron 


Courtesy The M. IV. Kellogg Company 

77 Per Cent H^SO* 

Fig. 2.— Comparison of Effect of Concentrated and Dilute Sulfuric Acid 
on “Chc'^ni-Stccl.” 

five or ten minutes at 870° C. and subsequently cooling in the 
air. It is tough and strong at all temperatures from — 185° C. 
to 1300° C., and has an extraordinarily high reduction and 
elongation at temperatures that would burn anything but high 
speed steels. It is made in grades designated as 2, 3, 4 and 5. 

The resistance of this steel to sulfuric acid as compared with 
other metals and alloys is given in the following table; the re¬ 
sults have been recalculated into terms of loss in grams per 
square meter, but as no time data have been given, the more 
general unit of grams per square meter per hour cannot be used; 
temperature data are also lacking. 
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ACTION OF SULFURIC ACID 


Loss IN Grams ri:R Squari; Mkter 



10 Per Cent 

32 Per Cent 


H..SO. 

HaSO. 

Crucible steel, grade 4 2. 

. 50 

5-1 

" “ " ^ 2 . 

. 

9.8 

High Cr, Ni steel. 

. 175 

i6iy 

“ Cr. Si ■' . 


3378 

25 per cent Ni. 

. 17.0 

13-9 

Wrought iron. 

. 759 

1739 

Copper steel. 

. 1137 

149 

Monel metal. 

. 2.0 

1-9 

High Cr steel. 

. 195b 

3194 


After suitable lieat treatiiij; and annealing the steel can be 
machined, drilled or milled with high si)eed tools. 

Oliver P, Watts directs attention to another phase of the 
protective action of arsenic on the rate of corrosion of iron by std- 
furic acid. It had long been considered an ini|iossible task to de¬ 
posit electrolytically a thin coaling of one metal up<in another so 
perfectly as to proiicrly ])rotcct the underlying metal from acid 
corrosion. Arsenic was found to protect iron almost com[)letely 
and it was thought that the e.xplanation lay in a high overvoltage, 
or excess potential, of hydrogen on arsenic. Experiments were 
carried out to verify this theory. The specimens were immersed 
in acid and suitable reagents added. Dilute sulfuric acid ordi¬ 
narily dissolves iron many times as actively as does hydrochloric 
acid. The substitution of to cc. hydrochloric acid for an equal 
volume of water reduced the suliihuric acid corrosion to less 
than one-half that of hydrochloric acid. Temperature control 
was also an important factor in reduction of corrosion by sul¬ 
furic acid. Very little corrosion took place in the juTsence of 
arsenic, and tin also was an excellent protective, h'.xperiments 
were carried out with other reagents and the results arc given 
in the following table: 


Kclardcrs of Corrosion. 


Acid, hydrobromic 
“ hydrochloric 
“ hydrofluoric 
Sodium arsenate 
Arsenic sulfate 
Potassium bromide 
Ammonium chloride 
Manganese “ 

Mercury “ 

Sodium “ 

Tin 


Chrome Alum 
Chromium sulfate 
Potassium fluoride 
llydroquinone 
I’otassium iodide 
.Mercury chloride 
“ sulfate 
Resorcine 
.Rodium stannate 
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Accelerators of Corrosion. 


Acid, chromic 
Bismuth sulfate 
Cromium chloride 
Copper sulfate 
Cold chloride 
I\1ercurous nitrate 
Platinum chloride 


J’olassium chlorate 
“ chromate 

“ dichromate 

“ nitrate 

“ [lermanganate 

Silver nitrate 
“ sulfate 


Of No llffeet or Doubtful. 

Acid, horic 
“ citric 

Ammonium sulfate 
Antimony sulfate 
Potassium sulfate 


It was further brought out: 

(a) If sheet iron he immersed in dilute sulfuric acid con¬ 
taining a small quantity of arsenic the solution of the metal 
is retarded. If, on the other hand, a small (piantity of arsenic 
he alloyed with iron and the iron rolled into sheet form its 
solubility is accelerated. With co])pcr the reverse is true. 

(b) A .sample of steel containing 0.2 ])cr cent copper was 
immersed in sulfuric acid as was a sanqile of poor, copper- 
free .steel. In 20 per cent acid the copper-steel was 50 times 
as good as the other, hut in i per cent acid the ratio between 
the two steels was only three instead of fifty. 

(c) The samples containing arsenic were more resistant to 
atmospheric oxidation and to corrosion by very dilute acid than 
the original iron. 

Ferro-silicon Alloys. 

The commercial development of acid-resisting ferro-silicon al¬ 
loys is one of the most important new' phases of chemical engi¬ 
neering, and has, in fact, revolutionized many m.'uiufacturing 
processes. With all their drawbacks, .such as brittleness, diffi¬ 
culty of machining and of casting, they hold an assitred place 
t(jday, and enable the manufacturer not otdy greatly to reduce 
replacements in handling corrosive hliuids, but to carry out proc¬ 
esses on a .scale and in a way not possible before. 

Most of this class of materials are sold under product trade 
names. Some of the better known brands and the countries of 
their origin are: Duriron and Corrosiron, United States; Ironac, 
Tantiron, England; MiTillure, France; Elianite, Italy; Neu- 
traleisen, Germany. The chief characteristic of all of these is 
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a silicon content of about 13-15 per cent. Analyses of these 
products, quoted from various sources, are: 

Duriroii”” Jronac’* 'l'aiitiron“ Kliam'lc” Cast Iron” 

Si. 14.0-14.S 13.5 14.0 15.0 14.8 

S .Less than 0.0s .... (1.05-0.15 .... 

P. o.it) 0.20 0.7 . 0.0 

C. 0.200.60 2.7 0.75-1.25* i.i 

Cu. Trace . 0.0 

I'e. 82.5 . 8,M 

Mn. 0.25-0.35 'i'race 2.01(2.50 0.0 

Melting I 1370-1400° 
point S 1.187° 

Specific ? 

gravity j 7.00 

Tensile I 25% less 
slrcngtli S tlian cast 
iron 

56 tons 
per si|. 
in. 

* Graphitic only. 

Another autliority state.s that 'I'aiitiron contains about 12 per 
cent silicon and 4-6 per cent aluiiiiimm.'' 

'I'he heat conductivity of (his alloy is twice tliat of lead and 
four to five times that of stoiicwtire or quartz.-'' 

'Idle interesting feature of these alloys is the silicon, which 
is at once the dislurhing and absolutely necessary element, re¬ 
sponsible both for brittleness and resistance to acids. The effect 
of variations in its amount is shown in the following table:'’ 

ACTION ol' in'/, SULFURIC ACID ON FF.RRO-SILICON 
AT.T.OYS 


Cl'.MUl.ATlVK. I.OSS 


.Si % 

Area, enr 

51 llr.s. 

7,1 Hrs. 

141 llr.s. 

-'..S 

15-7 

i.() 

4.1 

t >-5 

.1-.1 

21.9 

6.}.9 

87, s 

02.8 

7-4 

TI -5 

3 f-<> 

*48.*» 

62.0 

<).') 

T2.7 

10.7 

19.8 

23.1 

11.1 

130 

50 

H.8 

LI -1 

12.4 

0.2 

1.2 

2.i 

2.4 

13-6 

16.6 

0.2 

0.6 

0.9 

14.8 

iH.o 

0.(1.^ 

0.05 

0.05 

16.1 

10.2 

(UM 

0.04 

0.04 

17-3 

11.9 

0.1 >3 

0.03 

0.03 

iy.8 

9.6 

0.13 

0.2 

0.25 


Although exceedingly interesting for the immediate jiiirpo.se 
in view—the study of the effect of varying the amount of silicon 
in the alloys in question—it is unfortunate tliat the precise con¬ 
ditions of the experiments were not given; the blame for this 


6.8 

6 7 tons .... 69 tons 

pi-'r sii- per sip 

[iciiicial in. 

inch 















38 CHEMICAL RESISTANCE OF ENGINEERING MATERIALS 

omission cannot, however, be laid to the original author, since 
the tables were quoted second hand. The figures show that while 
iron with 2.5 per cent silicon is somewhat resistant to sulfuric 
acid for a limited time, the addition of more silicon makes it 
less so. As the silicon content reaches I3 per cent, the resistance 
of the metal becomes very marked, and continues so up to a 
20 per cent content, at which point it again begins to diminish 
slightly. The minimum action takes place with iron of a 15 
per cent silicon content. 

While the alloys of less than 10 per cent silicon content are 
not exceedingly brittle, they are readily attacked by all acids; 



I..eft X 2>:|. Riglit x 40. 

Fic. 3.—Durii’on Hardly Affected by Action of 6 Per Cent HjS 04 at 90 to' 

too" C. 


the resistant alloys with 16-18 per cent silicon arc so brittle 
that it is almost impossible to n'lachine them, but they may be 
accurately ground. These alloys are also difficult to cast, and 
it was the solution of the foundry problems involved that made 
them available for industrial purposes. 

The manufacturers of various brands of ferro-silipon alloys 
have given out many data as to acid-resisting qualities, but 
unfortunately many of these are presented in such form that 
they are of significance only among themselves, as showing the 
relative reactivity of the alloy with different acids, or the varia¬ 
tion in the rate of solution with the time. 

The manufacturers of Tantiron state that on boiling lOO g. 
of this material for 17 hours with 10 per cent sulfuric acid, 
0.13 g. were dissolved, and show the progress of such a reaction 
in the following table: 



SULFURIC ACID AND METALS 
LOSS OF WEIGHT OF TANTIRON “ 

Acid Used Loss, First 24 II. Second 24 H. Third 24 11, 
Sulfuric acid 


39 


98%. 

30%. 


0.10 

0.07 


0.02 


0.02 


The loss is presnmalily expressed in frranis, Diiriron is stated 
by Its manufacturers '» to have sustained no loss in contact wU 
25 per cent sulfuric acid for one year t-ontact witli 

the^fonowi!””''^ ^°“>-ce- are 


AC I ION OF SUI.FURIC ACID ON DURIRON 


Loss 


28^ 1 ^ Tempcranirc Duration of Test m'C^erUr. 

,, u vvt.).... room temp. 

8(F 85° 


one year 0.0025 

five weeks 0.0588 



Fig. 4.— Action of 25 Per Cent H-SO. at 90 to 100° C. on Duriron. 
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Of two samples of soft lead, the purer was found to be de¬ 
cidedly the better; even a very small amount of bismuth (0.044 
per cent) was detrimental. 

It is impossible to measure the resistance of lead to'sulfuric 
acid by measuring the gas evolved in the reaction, since the gas 



Fig. 5 .—Clicinical Sliect Lead (x 40 ) After Exposure to 6 Per Cent 
Hi.Sth for a Long Period at Ordinary Temperatures. 


from the reaction with hard lead is far less than the simple 
equation calls for. For this reason lead-lined containers, if 
sealed, should be lined with hard lead. 

Effect of Nitrous Sulfuric Acid. 

Nitrosyl sulfuric acid, IINSOs, is pre.sent in nitrous sulfuric 
acid containing o.i per cent N2O3, if the sulfuric acid is of 
a concentration greater than that corresixmding to s. g. 1.768. If 
the acid is diluted beyond this point, liNSO-, is hydrolyzed to 
nitrous and sulfuric acids: 

HNSO, -f- n.O —IINO2 + H3SO4. 

Concentrated sulfuric acid containing NjOa always acts on 
lead more vigorously than the pure acid, but in the case of acids 
of lower strength (s. g. 1.72-1.76), that containing nitrous acid 
acts less on both hard and soft lead; at greater dilutions, the con¬ 
ditions are again reversed. In all cases nitrous sulfuric acid acts 
more in the presence than in the absence of air. The minimum 
action of such acids on lead is at concentrations corresponding 
to s. g. 1.S-1.6. 

Effect of Concentration. 

At the higher concentrations of acid the rate of action on 
lead increases very fast. Technical “monohydrate” (98.85 per 
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cent H2SO4), for example, attacks lead 13.5 times as fast as 
ordinary concentrated acid, 96.5 per cent. Fuming sulfuric acid 
acts still niwe vigorously, and when it has a content of 20 per 
cent free SO3, it acts 32 times as fast as ordinary concentrated 
acid. 

Other Factors. 

Ihe oxygen content of lead is always low and seems to have 
little bearing on its resistance to acids. 

When the density of the surface of lead is mechanically in¬ 
creased, Its resistance to acid is increased. 

For sulfuric acid chambers and other apparatus where the 
temperature is moderate, it may be concluded from the foregoing 
generalizations that the purest soft lead is to be preferred, for 
it is least acted on by hot sulfuric acid, wlietlier dilute or'con¬ 
centrated, pine 01 nitrous. Any sensible amount of antimony is 


ACTION OF 

SlII.FURIt: 

ACID ON 

LEAD 


Loss IN Weiout in 

Grams ro ^ 

IJUAKK, Mktkr I'EK Hour 




ACID 


Kind of Lead Time 

Temperature 

Pure 
S.R. 1.84 

Nitrous 
No air 

Nitrous 
In air 

Soft Load I..... 8 days 

Hard “ . 

Antimony Lead.. 

Ordinary 

0.667 

0.662 

0.776 

0.831 

0.844 

1.042 

0.979 

0.990 

1.190 

Soft Lead 1 . 6 hours 

Hard " . “ 

Antimony Lead.. “ 

100'’ 

145 

.TO.? 

32.3 

15.2 

68.5 

57-6 

17.7 

77.4 

63.3 

Soft Lead 1 . 3 hours 

Hard “ . “ 

Antimony I.ead.. “ 

200'’ 

92.5 

1277 

8 (M) 

87.0 

1158 

117.S 

142.8 

1292 

1327 

Soft Lead 1 . 6 lunirs 

Hard “ . “ 

Antimony Lead.. “ 

100^ 

(( 

Pure 

S.R. 1.72s 

7.83 

8.13 

8.7s 

Nitrous 
No air 
S.16 

7,86 

13.13 

Nitrous 
In air 
6.23 
771 
12.75 

Soft Lead II..,.30 days 
Soft Lead 0.2% 

Cu. “ 

Soft Lead II.... 10 hours 
Soft Lead 0.2% 

Cu. “ 

Soft Lead H....10 hours 
Soft Lead 0.2% 

Cu. 

Ordinary 

100° 

200'’ 

0.483 

0.404 

7.91 

8.01 

60.14 

49.61 

Nitrous 

1-475 

1.428 

7-97 

8.31 

6 i.S 3 

65.24 



Note .—The nitrous acids were prepared from the pure acids, ddute and 
concentrated, by adding chamber crystals sufficient to make the 
N* 0 * content i per cent. 
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COMPOSITION OF LEADS TESTED 

Soft Lead I Soft Lead II Hard Lead Antimony Lead 


Copper. o.ooi 0.0034 0.05 o.i-o,3 

Bisninlli. 0.044 o.ooiy o.oi . 

Antimony. 0.0004 o.ooay 1.81 iK.i-18.3 

Arsenic. 0 0.0047 o.io 1.0-3.i 

Iron. o.oooS Trace o.oi . 

Cadminm. 0.00025 ■ ■ ■ • . 

Silver,. o.oixis o.<K)io .... . 

Tin. 0.0004 . 0.04 o.l 

Zinc. o.o(X)2 . . 

Oxygen. 0.0024 • ■ ■ ■ . 


nearly ;ilway.s injurious, and copiicr is in most eases no ini- 
proveinent. Where tenijteratnres are higli (above 200° C.), 
tile prc,sence of 0.1-0.2 jier cent copper is an advantage, and in 
tlie presence of bismtith it protects the lead from the sudden 
destruction sometimes observed. 

'I'he order of magnitude of the actions discu,s.sed is shown 
by the foregoing exccriits from the tables of Lunge and Schmid, 
in which the results have been recalculated to grams of lead 
dissolved per square meter per hour. 

Lunge considers soft leads I and 11 “specially suited for vitriol 
chambers” (loc. cit.). 

The fact, noted by Lunge and Schmid (loc. cit.), that lead 
of varying degrees of purity, when heated with concentrated 
sulfuric acid, decompo.sed the acid violently at different tempera¬ 
tures, has been proposed as a test for lead intended for use 
as an acid-resisting material, so-called "chemical lead” A 
piece of sheet lead one inch square is heated in concentrated 
stdfuric acid, which is stirred meanwhile with a thermometer. 
With a good grade of chemii'al lead the violent reaction with an 
evolution of .gas does not set in below 220-240”; with poor 
lead it starts at 180° or lower. 

A recent study * has been made of this sudden reaction of 
lead with sulfuric acid when the lead has been alloyed with 
various elements, h'our samples of lead of the following com¬ 
position were studied. The tcinperature of attack in the follow¬ 
ing table is the temperature at which action is vigorous: 


r- Sample 

- 5 

I 2 3 

4 


Cu. 

().()()2 

0.021 

0.017 

0.017 

Hi. 

Trace 

0.005 

0.004 

O.OOI 

Ag. 

O.OOI 

0.002 

0.002 

0.002 

As. 

0.001 

Trace 

Trace 

O.fKII 

SI). 

0.000 

0.003 

Trace 

0.301 

1^ e. 

0.005 

0.004 

0.003 

0.003 

Mn. 

1 race 

O.OOI 

O.OOI 

O.OOI 

Zn. 

O.OOI 

O.OOI 

O.OOI 

Trace 

Pb (by difference). 

Attacked vigorously by 1 IjSOi 

9p.y8i 

99.963 

99.972 

99.674 

at. 

250“ 

296° 

300® 

260° 
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I.eads 2, 3 and 4 contain more copj)er than i, and lead 4 con¬ 
tains comparatively a great deal of antitnony. 

A series of alloys was made with lead l and tested with con¬ 
centrated sulfuric acid. “First action" is the first appearance 
of a regular stream of Inibbles; "vigorous action" is stormy 


frothing. 



Finst Action 

Vigorous Action 

Lead 

I alone... 


150° 

220 


and 0.2% 

Cu .... 

.... 210 

315 

“ 

“ “ 

lii. 

.... 70 

'35 

“ 

“ *’ 

As .... 


260 

“ 

“ “ 

Sb .... 

.... 150 

220 

“ 


Zt\ .... 

.... 160 

200 

“ 

“ 

Sn .... 

.... 156 

2.32 

“ 

“ “ 

Aft-.... 

.... 200 

262 

“ 

“ “ 

Te. 

. n/o 

.316 


U 

S. 

142 

23H 


The heat refining of coininercial lead will give a ])ro(luct resist¬ 
ing attack up to 280°, and tlic ]mrest electrolytic le.ad (<)i).<)<)8 per 
cent Pb) withstands action U]) to 310“. Leads not of the higli- 
est purity are rendered more resistant by the addition of a small 
amount of cop))cr, which is, as has been said, in general advis¬ 
able for industrial work at high temperatures. 

Because of its acid resistant characteristics lead is e.xtensivclv 
u.sed as a lining not only for wooden chainljers .and tanks, l)ut 
for metal, chiefly iron, tanks, stills, pipes, etc. d'lie lining may 
be simply fitted to the ves.sel (which is usually the case with 
the larger sizes), or the surface may lie “homogeneously leaded” 
(as is usually the case with pipes) either under ])ressure or by 
coating with molten lead through the aid of a proper flux. 

Quantitative results arc also tivailable on the action of very 
dilute sulfuric acid on lead,“ though, unfortunately, the analyti¬ 
cal data arc not as extensive as could be wished. The lead 
tested contained a trace of silver and no zinc. 'I'he tests were 
made as follows: 

A sample of the polished, cold hard rolled metal, with a total 
area of i square decimeter, was immersed in 0.2 N (approxi¬ 
mately 1 per cent) sulfuric acid at a temperature of ]/-2cC. 
In experiment i the amount of acid was 50 > c.v'., the acid was 
renewed each day, and the immersion lastevl 7 days; in 2 the 
immersion was in icxxt c.c. for 4 hours: in 3 the lead was kept 
in 500 c.c. acid for 28 days, and the acid was not renewed. 

The results given here have been recalculated in terms of loss 
in grams per scpiare meter ])er hour. 


E.xperiineiit 

1 

2 

3 


Duration 
7 day.s 
4 hour.s 
28 (lays 


laiss in g/mVIir 
0.005<, 

No woighalilc los.s 
o.O(Xjo 


The total weights of lead dissolved in experiments t and were 
respectively o.oi and 0.02 g. 
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III. Sulfuric Acid and Other Metals. 


In the main, snlfunc acid at low teniperature.s and dilute acts 
towards metals very much as would be predicted from their 
IKisition m the electromotive series;* its hydrogens are re¬ 
placed by inetals more clectroixisitive than hydrogen, and it is 
inert tow'ards metals more electronegative than hydrogen. At 



Fig. O.-CoDper Cv 4,,) after Exposure to 6 Per Cent IhSO. at about 
00 L. tor a Long Period without Agitation. 


low tennieratiires it is not a very vigorous oxidizing agent, as 
was pointed out in Section I of this chapter, hut at high tem¬ 
peratures and at high concentration its behavior is quite differ¬ 
ent; under these conditions it is a strong oxidizing agent, and 
vigorou.sly attacks many metals, being itself decomposed to ’h,S 
.StJs and other products. 


K-‘he least positive; 

Hg^Ag^P(f pf ^ 
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An example of the different reactions taking place between 
metals and sulfuric acid of different strengths is given by the 
behavior of sulfuric acid towards zinc.' At concentrations from 
H2SO^ (text per cent) to ll2S04.5lij0 (52 per cent) the gaseous 
products of the reaction are JUS and ; with H2.SO.i.6H2() 
(48 per cent) the oidy gaseous product is ll,. In the former 
case the metal is oxidized and the acid molecule completely 
broken up; in the latter the hydrogen is simply replaced by the 
metal, or, more precisely, the positively charged hydrogen ion 
has transferred its charge to the metal and escajjed as a gas, 
the metal dissolving as an ion. 

The presence or absence of the oxygen of the air makes a 
great difference in some cases. With some metals under con¬ 
ditions of tenii)eraturc and concentration wliere no action would 
take place with sulfuric acid alone, the presence of air will cau.se 
the metal to be attacked. 

Platinum and Gold. 

llefore the development of acid-resistant fused silica and ferro- 
silicon ai)i)aratus ])latinuni, gold and noble metal alloys were used 
in the construction of stills. C(}ndensers and other parts of ])lants 
used for the manufacture of pure sulfuric acid, h'or this reason 
the action of sulfuric acid on these materials has been studied 
in some detail. 

Pure sulfuric acid - has little action on ])latinum even at the 
boiling point, and scarcely any at lower temperatures, but the 
action is increased by certain impurities in the platinum and 
others in the acid. Some acid impurities, however, tend to 
inhibit the solution of the metal: c. g., carbon, AsjO,,, S, SOs." 
Hie rate of the action of sulfuric acid on platinum is shown by 
a test in which 115 per cent sulfuric acid dissolved 40 mg. 
from a |iiccc of platinum foil 13.4X 5.25 cm. in 28 hours at 250°, 
or 0.0102 g. per sip m. per hour." 'Fhe rale of solution .seems more 
dependent on the temperature than on the concentration of acid. 

When sulfuric acid is concentrated in platinum pans, the 
usual losses are from o.lS-0.78 g. for 02 per cent acid to i.9-3.0 g. 
for 97 per cent acid per ton of acid concentrated, though tiiey 
occasionally run as high as 20 g. per ton.' 

Since certain reducing substances in the acid reduce its action 
on platinum, it is not surprising to find that oxidizing substances 
like persulfates, dichromates, permanganates or chlorates have 
the opposite effect. Even dilute sulfuric acid at ordinary tem¬ 
peratures containing one of these substances sensibly dissolves 
platinum.''' Hydrogen peroxide in sulfuric acid, however, though 
it increases its action on some metals, does not cause the dilute 
acid to dis.solve iilatimnn appreciably." 

Not all impurities or foreign substances in the metal cause 
platinum to be attacked more rapidly by sulfuric acid. Aii alloy 
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of 90 parts Platinum and 10 parts Iridium on boiling 40 days 
with sulfuric acid lost only as much as pure platinum, and a 
95 :5 alloy lost as much/ On the other hand the advantage 
of the 90:10 alloy over pure platinum is said to decrease after 
the first 8-10 hours’ boiling.* 

The action of hot concentrated sulfuric acid on gold is less 
than that on platinum. The u.se of gold in acid-manufacturing 
apparatus instead of platinum is controlled liy the relative cost 
of the two metals and the greater softness of gold. When gold 
cost more than ])latimim, platinum stills were sometimes lined 
with gold. The losses of gold per inn of acid concentrated 


were: 

Strcnglli of Acid 02% 03 9f>% '/) 97 % 07^98% 

Los.s. o.oii-'0.o72g 0.03 0.138K 0.17 0.20sg o.040-o.26g 


An alloy of <>3 jiarts gold and 10 parts plalimim is satisfactory 
for acid concentration in every respect: it is sufficiently hard 
and can be soldcrcil with pure gold.'* 

Base Metals. 

'I'he rate of solution of iron and lead in 0.2 N TT._.S().| has 
been given above (|>p. 22 et seij. and .f^ ) : ligures for some other 
metals arc given below. Iff these metals zinc, aluminum, tin and 
nickel are more electropositive than hvdrogen and copper less .so. 
From the extent of the action of the acid on co|)per it appears 
that the experiments must have been carried out with free access 
of air, the influence of which was mentioned above. The constitu¬ 
ents determined by analysis in the five metals tested are given 
in the table that follows: 


.Si .... 

Zinc 

Ahintimuii 

o-M 

C'(i])|K’r 

Till 

Nickel 

O.JO 

PI)... 

110 


0.15 

0.61 


Cii... 


'J'racc 

'I’racc 

0.16 

Hi ... 



0.03 



As... 

.. Tract' 



Trace 


Fc... 

• ■ 0 055 

0.2H 

Trace 

0.1114 

0.46 

Zn... 




0.15 

Na .. 


0.05 




The conditions of the te.st were as follows: .Sheets of the 
metals, cold hard rolled and polished, each of a total area of 
one square decimeter, were immersed in 0.2 normal sulfuric 
acid at 17-20°. In the first series, results of which are given in 
column one of the table below, the amoutit of acid was Yi liter and 
it was renewed daily for 7 days; in the second series, column 
two, one liter of acid was used and the action continued for 4 
hours; in the third .series, column three, Yi liter of acid was 
used but not renewed, the action continuing for 28 days. 
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THE ACTION OF o.aNILSO^ ON METALS AT 17-20" 

Loss IN Grams rkr Square Meter per Hour 

7 Days 4 Hours 28 Days 

Acid Add Aciil 

Koiicvvod Daily Not Cliangcd Not Changed 


Zinc. ♦ 13,1 100 o,44() 

Alumimini. 0.336 1.25 O.042 

T-.cad. o.no6 o.on 0.003 

Copper. 0.140 0.50 0.067 

Tin. 0.131 0.50 0,037 

Nickel. o.T.io o.,3o 0.050 


* Kstimalcd on tlu; Itasis of action laslinji: less (liati 7 days. 

Ft i.s to lie noted tlnit in all casc.s (excejil that of le.ad in coltnnn 
two, wliere the total in 4 hours was prolnihly not wcishalile) 
the rate of solution diminislics greatly with increase of tiie time 
of action." 

Although zinc is a strongly elcctrojiosilive metal, perfectly 
pttre zinc is said to be itnattacked by sitlfttric ticid weaker th;m 
0.5-1.o normal.'" Arsenic, lead and ctidmitim cause no qtticker 
sohitioti of zinc, htit as little as 0.01 per cent nickel, platinnm 
or gold appreciably increase the rate, 

Jtist as the presence of air in some cases is rcspotisibic for 
the tiction of otherwise com],iaratively inert acids on metals less 
electropositive than hyilrogen, so the presence of o.xidizing sub¬ 
stances in the acids, as has been mentioned, often has the same 
effect, llilnte snifnric acid containing hydrogen pero.xidc dis- 
.solves cojiper, silver, nickel and liismnth, hut not tin, lead, gold 
or platinum, 'I'he solubility of aluminum is not affected by the 
presence of hydrogen peroxide." ft may be well, however, to 
point out here that for jiractical purposes the question of the 
velocity of solution of a metal is the important one, rather than 
the question of whether or not there is any measurable action 
at all. Practically the solution of a metal in an acid may be 
neglected if its velocity is extremely small. Other factors than 
the position of the metal ni the electromotive series, such as the 
formation of protective coatings, affect the reactions, so that the 
scries serves only as a general guide under restricted conditions. 

Of the metals more electroiiositive than hydrogen lead (see 
above), ahnninum," cobalt and nickel react very slowly with 
sitlfnric acid: in the case of alumimini the hydrolysis of the 
aluminum sulfate produced forms a protective coating of alumi¬ 
num hydroxide or basic aluminum salts on the surface of the 
metal. 

Bronzes and Other Alloys. 

In order to prepare metals of various special charadelistics 
or combinations of characteristics, such as hardness, ductility, 
thermal expansion, tensile strength, etc., innumc.able alloys have 
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been made and experimented with; some, like brass, have been 
in common nse for centuries. Amonjf the properties aimed at has 
been resistance to chemical action. 

(,'hcmically resistant alloys may in general be divided into 
two classes: First, that in which the metal is the important con¬ 
sideration. Here a moderate amount of action under the condi¬ 
tions of use is not a fatal ohjcction provided it is not great enough 
to cause a rapid deterioration of the metal. .\n e.xample of 
this is metal api>aratu,s, as for example overhead electric wires, 
in places exposed to corrosive fumes; vjihile ahs(dutc chemical 
inertness wmdd he an advantage, it is not a necessity, since the 
metal may have a long |)eriod of usefulness after considerahle 
corrosion has occurred. The second class is that in which the 
material contained or handled in the met;il is the important 
factor. In such cases the allowable limits of action are usually 
much narrower; the action must he so slight that no appreciable 
traces of dissolved metal occur in the material handled. An 
example of this is an acid solution in an acid-proof tank of a 
dye who.se shade would he affected hy ferrous .salts. Here an 
amount of chemical action less than would destroy the tank in 
long use would nevertheless he deleterious to the product handled. 
These two classes obviously shade into one another, and dciiend 
as much on the use made of the materials as on the materials 
themselves. Hence no effort will he made to classify acid 
resistant alloys in themselves according to the above scheme. 

'Ihvo of the more recent alloys that have come into consid¬ 
erable use are known under the names of Monel Metal and 
Nichrome. 

Monel metal was intro<lnced hy the International Nickel 
Company about and named after its then ])rcsident, Ambrose 
Monell. It is a natural alloy jiroduced directly from Canadian 
hes.senier matte by roasting and reducing with charcoal and has 
the following average composition: nickel, 67 ])er cent; co|iper, 
28 ])er cent; other metals (iron, mangnmesc, silicon). 5 per cent. 

■Several grades of this metal are produced for different pur¬ 
poses of which the hdlowing typical analyses arc given : 


Rolled 

Monel niefal slicet. 

C 

.... 0.11 

Mn 

o.iS 

- Per tent- 

Fc Si 

1.76 <1.18 

iP 

0.026 

Rolled 

Monel metal rods. 

.... o.j6 

1.78 

2.(.>0 

0.20 

o.o.tS 

M(jiicl 

metal wire. 

.... 0.12 

) .6(> 

2.10 

O.I.^ 

0.025 

Monel 

metal castings. 

.... 0.18 

0.25 

1.90 

j ,06 

0.03 


It will he noted that the wire is made wdth low carbon content 
in order that it may he readily cold-drawn, whereas hot-rolled 
ro Is are produced with somewhat more carbon in order to in- 
crea.se the ease of hot-rolling. 

Monel metal resists the action of sulfuric acid fairly well and 
one of its principal applications is in the construction of tanks 






SULFURIC ACID AND MF.TAI.S 


51 


and crates for pickling steel; rods arc used for this purpose 
and have apparently i)roved superior to any other material. In 
this connection the results of corrosion tests of Monel metal 
rod in pickling acid are of interest. Rods e.xix)sed for ninety 
days to the action of continually renewed lV‘ lie. (p (o 7 per 
cent) sulfuric acid at 74° C. lost weight at the average rate 
of o.f»45 g. per sq. in. per day, curre qjonding to the re¬ 
moval of a layer o.tXKX)^ in. thick per day; the removal of a 
o.i in. layer would therefore require about ten 3'ears. In fact 
Monel metal pickle-jiins and pickle-rods have been removed from 
service after eight years and were found to show practically 



kfoiR'l .\ an. Acid Ri’.si.sting ,\lloy x 40. 

Fii:. 7.—Qjinpaiisoii of tj>rr()siiin of .Moiicl Metal (l.cl'l) and an In¬ 
ferior .Acid Kesi.stiii” .Alloy (kiplil). 'I'lic Corrosion of the .Monel 
Metal is Uniform; of the (tiher .Met.a! “.^])otty” (Iwing to St»ongy 
Areas Opened Up hy the Acid. Corroding .Ageiit 6 I’er 'Cent li,S(h 
;it ahoiit 80“ C. 

no evidence of corrosion. Iheir average life is jterhaps three 
years. On account of its resistatice to corrosion the metal is 
also used in the conslructioti of mining m:, hincry. mine screens, 
dyeing machinery and e(|uipment ;ind in the chemical atid oil 
itidustries for miscelkincous p.arts e.xpttsed to severely corrosive 
conditions.'-' 

Niehrome (Driver-llarris (rompany), :ts its i-.ame indicates, 
is an alloy of tiickcl and chrotnittm. .At high temperature a 
noti-haking, protecti\'e co.ating of oxide forms on its surface. 
It is fairly resistant to all strengths of sulfuric acid, and since 
it can be cast and drawn, it is excellent for metal laboratory 
apparatus such as cntcible totigs, wire gauze, etc.,''* as well as 
for larger objects. 

'I he rate of action of sulfuric acid on niebromo is shown 
in the following table; 
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ACTION OF SULFURIC ACID ON NICUROME 


r—Loss in g'/mVlir During Ihc Periods—> 
Strength of Acid Temp. 0-48 hr 48-72 hr 72-142 hr 0-142 hr 
Concentrated (94%)... 25° 0.334 0.588 0.261 0.341 

Dilute, 4 M (39%). “ 0.121 o.odi 0.005 0.077 


IjOss in g/mVIir in 4 Hours 
Concentrated (94%)... 95-98'’ 7.14 

Dilute, 4 M (39'7<)). '' 1.91. 


An alloy cctiitaining an nnasnally large nnniber o{ con.stitncnts 
has been empirically developed ” a.s an acid and corrosion proof 
material. It.s composition is: 


('ll. 

Per Cent 

. 

A1. 

Per Cent 
. 1.09 

Mil. 

. <'.98 

Fe. 

. 0.76 

Si . 


Cr. 


w . 

. -'.pi 

Mo. 

. 4.67 

Ni. 

. (Ml.6s 




'J'he alloy i.s resistant to snlfnric acid. Jt is difficult to cast, 

but turns well. Its tensile strength is about 50,otK) lbs. per 

sq. in. 

■‘Stellite" is an alloy of increasing commercial importance 
that has interesting characteristics. It is c.xccedingly bard, its 
scleroscopic number being yo :i,s compared with 80 for tool steel; 

it is brittle but can be used for tools if given proper support, 

and it can be welded to carbon steel shanks. Its composition is 


(.0. 50-60'/!' 

Cr. 30-40 

\V. 8-20 


In a series of tests made at I’urdne University its behavior with 
25 per cent sulfuric acid is described as follows: 

ACTION OF 25 PliR CENT SULFURIC ACID ON STEIXII'E 
Material Tested Action 

Cast festel stellite.Corroded, loss 0.61 per cent 

llaminered festel stellite.Corroded, loss 0.35 per cent 

Cast soft malleahle .stellite.Very slightly tarnished, loss 

negligible 

Hammered .soft malleable stellite..Slight tarnish 

Cast hard malleable stellite.Slight tarnish 

Hammered hard malleable stellite.Slight tarnish 

No. 2 stellite.Tarnished in spots 

No. 3 stellite.Tarnished in spots 

No. 4 stellite.Very slightly tarnished 

Reactions intensilied when reagent is boiled.’' 

Still another alloy containing nickel and chromium and re- 
•sistant to sulfuric acid has the composition: 
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I'cr Cent 


Fe. 30-70 

Ni. J5-50 

Cr. 5-20 


It can be drawn and rolled. 

The addition of chrotninni akinc to iron increase.s its tendency 
to dissolve in sulfuric acid.'“ 

Neither pure silver nor its alloy with 16.5 per cent copper 
(Italian cf)in metal) is attacked by pure boiling sulfuric acid 
up to 60“ He., but even 2-3" IJc. acid containing nitric, nitrous 
or hydrochloric acid dissolves out silver fnmi the alloy. Sulfuric 
acid of 4.5-50° lie. containing l c.c. concentrated nitric acid [)er 
liter attacks silver.-" 

An acid-proof bronze is rei)ortc<l containing 


Cu. 15 p.-irts 

Zn . 2..14 

PI). 1.S2 “ 

Sb. I.I 


A cbroniium-cop[)er-nickel alloy is also .statcil to be very re¬ 
sistant to acids.’" 

.Another resistant alloy put out under the trade name of 
‘‘.\lcco’' is .said to withstand the action of both sulfuric and 
hydrochloric acids; 


r-Loss in-^ 

Acid Tcinpcratnrc Time g'. per nr g. per nr 

per hour 

25^0 Ik'.SO,. 1)0-100“ 48 Iioiir.s y.3 o.!,); 

. 15-20“ 30 (l.ays 7.7 o.oir 


Reported tests indicate that the alloy is more resistant to various 
acids than is bronze, brass or lead. 
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III. Other Acids and Metals. 


Nitric Acid. 

Nitric acid, l)esides being a strong acid, is a vigorous oxidiz¬ 
ing agent. Commercial nitric acid, dilute and concentrated, and 
the ordinary pure laboratory acid through a wide range of con¬ 
centrations attack almost .all metals except the noble metals, 
which are very nnreactive in general, and aluminum, on wdiich 
it forms an insoluhlc protective coating of oxide. I’.eing a .strong 
oxidizing agent, it is itself reduced by the metal acted on. For 
example the reaction with copper is: ‘ 

SfINOj -|- 3C11 -> 4lf20 -|- 2NO + 3 Cu(N03)2 

A most surprising fact about the behavior of nitric acid is, 
however, that if it is perfectly pure an<l free from nitrous acid, 
fINOa, it does not react with metals as does the ordinary acid, 
wliich always contains traces of nitrous acid." Nitric acid free 
from nitrous acid, of 30 per cent strength, at room temperature 
does not dissolve pure copper, mercury, bismuth, silver, cadmium, 
zinc or iron, but the addition of a small amount of nitrous acid 
causes a vigorous action. 

Metallic lead is attacked to a slight extent by both concen¬ 
trated and dilute pure nitric acid as well as by nitrous acid 
(0.158 g. llNOo per 15 C.C.), and by both together to an even 
greater extent. As far as the concentration of nitric acid goes, 
the maximum action takes place with a 29 per cent solution, 
which dissolves the lead at the rate of 1400 g. [wr m.- per hour, 
the nitrous acid content in this case being aliout 0.05 mg. per c.c. 
'J'he addition of oxidizing substances which would tend to i)re- 
vent the formation of nitrous acid, such as KCK >3 and lUOi, 
does not prevent the solution of the lead, but makes it slower. 
As in the case of sulfuric acid, i)ure lead is in general less readily 
attacked than lead containing 5-I!) per cent antimony. 

"Nitric acid" as used in what follows will mean commercial 
or laboratory acid containing a small amount of nitrous acid 
unless the contrary is specified. 

Iron .—Dilute nitric acid reacts strongly with iron, but con¬ 
centrated acid more slowly. The addition of a small amount 
of sulfuric acid tends to prevent this action, permitting the acid 
to be shipped in steel drums or tank cars. "Mixed acid,” that 
is, a mixture of concentrated sulfuric and nitric acids used in 
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nitrating organic compounds, can also be handled in iron and 
steel. 

Just as fuming sulfuric acid, though not dissolving cast iron to 
any considerable extent, may cause an explpsive cracking of cast 
iron vessels (sec above), so a very similar action of mixed acid 
resulting in an accident bas been reported recently.'® Two cast 
iron acid eggs filled with mixed acid used in the manufacture 
of trinitrotoluol Inirst under a pressure of 50 pounds per square 
inch. Superficial examination showed little'corrosion, but photo¬ 
micrographs indicated that the acid had penetrated the metal to 
one third of its thickness (T-lJj inches) and formed small clus¬ 
ters of crystals of ferric salts, ft is supposed that the e.\pansive 
force of the growth of these crystals ru])tured the iron, and the 
conclusion is obvious that it is dangerous to use cast iron with 
nitric acid as it is with oleum. 



('liunii Steel C'ast Iron 

i'ourtcsy The M. fl'. Kellogg Company 

Kig. 8. - ('oniparison of of Mixod Acid (70 Per Cent Sulfuric; 

Per Cent Nitric) on “Ciieini-Stecr’ and (.'ast Iron. 

ff the ditferent kinds of commercial iron arc arranged in the 
order corresponding to the ease with which they are attacked 
by dilute nitric acid (i N), this order is the reverse of that 
for sulfuric acid; commercially pure iron dissolves relatively 
fast, less pure, such as gray and white cast iron and malleable 
iron, dissolve slowly, and steel lies between the two classes.* 

Iron /Uloys. —'I'he alloying of iron with other elements, such 
as for example chromium and silicon, markedly changes its be¬ 
havior towards nitric acid. 

“Chenii-Steel,” an acid-resisting steel of unstated constitu¬ 
tion (see p. 33), is more resistant to acids than is the best qual¬ 
ity gray cast iron, ft is not suitable for use with nitric acid 
as dilute as 25 per cent, but with concentrated nitric and mixed 
nitric and sulfuric acids it appears somewhat superior to cast 
iron in its resistance to solution and greatly superior in its resist¬ 
ance to pitting and cracking. 

While the addition of chromium to iron is said to lessen its 
resistance to sulfuric and hydrochloric acids, it in general in- 
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creases it to nitric acid, but there arc five classes of alloys, with 
reference to this projxjrty, depending on the amount of chroiniuin 
present.® 


Class 


. 5 . 

4 - 

5 - 


Per Cent Cr 
Less tli;ui 4',(> 

4 - 14 '/- 

14 20',/ 
20-4(1', 7 
40-100',- 


Bcluivior Toward.s Nitric Acid 
More easily solnlde in dilute, less in concen¬ 
trate 

Kesislance to dilute arid increases t;r<,‘atly 
Resist.ance increases nearly in-oportionally to 
Cr 

l.ike (.ir alone, tliou.eli alloys dissolve in cold 
dilute acid conlainiiie 5',; Na( 1 
Very resistant; resist Iniiliii.e dilute acid even 
cont,'(inin!4 Nat l 


'I'he alloys not attae'keel by dilute nitric acid arc very resistant 
to corro,si(jn, and that containing .pt per cent Cr showed no 
change after two years’ exposure in the laboratory. To be 
transported safely in steel or iron drums concentrated nitric .-icid 
must cemtain a little sulfuric acid, as mentioned above, but if 
the iron of the container is all(-)ycd with 5 i>er cent chromium, 
the addition of sulfuric acid is unnecessary. 

The.se tests were made on alloys free from c,-irbon, which 
were found to be less hard and with lietter niechanic:d pro|)erties 
than w'hen carbon was present. 

Dur.'iloy is the trade, name of a chromium-iron alb.iy that has 
recently b(;en dcveloi)cd coimnercially and put on the m.arket. 
It is said to be very resistant to corrosion and o.xidation.®" 

A chromium alloy has been patented w'hich consi.sts of iron 
containing no per cent chromium, 3 pet cent molybdenum and 
no carbon. 

'I'he high melting, acid resisting steel of the (irncible .Steel 
t.'ompany of America (sec ]). 34) shows the following behavior 
towards nitric acid as compared with other metals and alloys; 
the time data can unfortunately lujt be given.'" 


ACTION OF 32 I’I'.K CFNT 
T.nss Wkiuht in (Ih.v.ms isni 

Crucible steel, grade .4 2. 

“ '■ 3 . 

IHrIi Cr, Ni steel. 

“ Cr, Si “ . 

25 per cent Ni. 

Wrought iron. 

(.iopper steel... 

Monel metal. 

High Cr steel. 


NITRIC ACID 

S(M-'.KI-. Mf.'I'KK 


o.C^4 
0.77 


0.42 

0.77 

2()o8 


265S 

32 'JI 

, 334 '’ 

0.15 


'fhe ferro-silicon alloys, discussed more fully under sulfuric 
acid, are also very resistant to nitric acid, 'fhe extent of the 
action of two different concentrations is shown in the following 
table: “ 
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Loss in Grams 

Strength of Acid Duration of Test Temperature per m* per Hour 

71% HNOs. One year Room 0.0058 

10% “ (approx.).. Five weeks 80-85° 0.0555 

The alloy tested contained between 14 and 15 per cent silicon. 
The dqtth of corrosion of the same material by nitric acid is 
shown in the following table in terms of centimeters per year. 

Strength of Acid Depth of Corrosion 


70% UNO). o.(K)0477 cm. per year 

25% “ . 0.0000523 

10% “ . No loss 



Fig. 5 . —Variation of Corrosion of Duriron with Changes in Per Cent 

Silicon. 


The relative action of difTercnt chemicals on a similar product 
of different manufacture is shown in the following table: ’ 


Loss of Weight of Sample in i 

UNO), 1.4 s. g. 

“ 1.1 “ . 

Acetic acid, 60%. 

Chromic “ 10%. 

Tartaric “ 25%. 

Iodine, satd. soln. 

Bromine water, satd. soln. 

CaOCh satd. soln. 

CuSO., acid. 

“ alkaline. 

FeSO), solution. 

ZnCl), 30% solution. 

NH4CI, solution. 

F'used sulfur. 

“ NH.NO.. 


t .>.4 II rs. 

2nd 24 llrs. 

3rd 24 Hrs. 

0.10 

0.02 

0.02 

0.70 

Nil 

Nil 

0.03 

0.01 

“ 

0.07 

Nil 

K 

0.05 

0.03 

0.03 

Nil 

Nil 

Nil 

0.0 [ 

O.OI 


0.04 

0.01 

O.OI 

Nil 

Nil 

Nil 

0.06 



0.03 

“ 


0.05 

O.OJ 

O.OI 

0,06 

O.OI 

Nil 

Nil 

Nil 

Nil 
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Other Metals .—The actinn of quite dilute nitric acid (0.2 nor¬ 
mal, or about 1% per cent) on eight metals has been studied 
under various conditions, the details of which together with 
the analyses of the metals used are described under sulfuric 
acid, pp. 48 and 41). I he extent of the action is shown in 
the following table : “ 


■|‘HE ACTION OF 0.2 N UNO, ON METALS AT 17-20“ 
Loss IN (iuAMS I'KK S(JUAKE MCTKR IKK HoCU 


Metal 

Zinc. 

Cast Iron 
W rolls lit Iron. 

Aluniinum. 

Lead. 

Copper. 

Tin. 

Nickel. 


7 Hays, Vi I. 
Renewed Daily 
*10.1 

* 9,2 
* 8.6 

0.060 

* S-Sd 
o. 148 
2..t8 

~ 5 » 


4 I lonr.s, I 1 . 
Acid N il Cliaiiged 

95 s> 

65.0 

0.5 

Q.o 
"■5 
40..S 

I.o 


28 Days, Li I. 
;\cid Not Changed 
0-394 
(>.,472 

o.2e8 

0.080 

0.9.47 

n.079 

I.OI 

0.312 


Acid 


£stiniatcd oii tlic liusis iif .'ictinii I;i,tiiiR less lllati 7 days. 


Non-ferrvHs .llloy.s '.—.\n tillov of 40 parts cobalt ;ind 60 [larts 
tin was found to be very brittle" but extreniely resistant to 
acids. If, bowever, 5 ‘- 4 i 4 ptirts of this inixtnrc arc alloyed with 
<45-80 [liO'ts of copper, ;in alloy is obtained wliicb, it is said, may 
be maebined, ami still retains its acid-resisting (|ualitic.s, espe¬ 
cially towards dilute nitric acid. T'lie inventor calculates that 
it would take more than five years for dilute acids to dissolve 
a layer i trim, thick. 

Monel Metal .—Monel nietal is not resistant to nitric acid."" 

Nichronie, a nickel-chroniinni allov (p. 50), is acted on by 
nitric acid at the rates sboivn in the following table:'" 


AC'J'ION OF NITRIC ACID ON NICIIKO.\l F, 


Strength of Aciil Tcinp. 
Concentrated (yo7i-). 25” 
Dilute. 4 M. (ahout 
25%). “ 


Concentrated (70%). g.s 98° 
Dilute, 4 M. (ahout 
25%). “ 


,-Lo-y.s in g/mVlir During the I’eriods-y 

0-48 Hr. 48 72 Hr. 72--142 Hr. 0-142 Hr. 
1.9,48 2.i(K) t..59i 1.795 

'. 7 <J 3 i-.';i 7 1.014 1.364 

Li.iss in g/inVhr 
in 4 1 lonrs 
178.0 

160.7 


During the war baskets of niclnonie wire gauze were succe.ss- 
fully used for straining stlspcnded (licric ticid from tbe spent 
acid resulting from the nitrating operation. A typical spent 
acid from this .source contained 4,5 per cent sulfuric acid, 3 per 
cent nitric acid and 0.5 [ler cent picric aciil. 

In this same spent acid specially pure cast aluminum dippens 
(containing as little copper as would permit successful casting) 
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stood up well, being used for months without appreciable deteri¬ 
oration. 

Tests carried out on stellite at Purdue University (see p. 
52) showed that 20 jK'r cent nitric acid even at the boiling 
temperature bad extremely little effect on the alloy. There was 
slight tarnishing at the edges of the sample, but the loss in weight 
was reported as negligible."’' ” 

Hydrochloric Acid. 

Hydrochloric acid, the last of the trio ..»f commercially most 
important acids, is chemically the most active of the three as an 
acid (as <listingiiished from activity in oxidation, reduction or 
the like), contrary to the pojtttlar conception, Sttlfuric acid, 
becau.se of its companitive non-volatility, expels hydrochloric 
acid when heated with chlorides, and nitric acid, because it is a 
strong oxidizing agent, attacks substances tinattacked by hydro¬ 
chloric acid alone (e. g., copper) ; bttt in purely acid reactions, 
that is, those involving the hydrogen ioji, hydrochloric acid is the 
most active. 

Since hydrochloric acid is not an oxidizing agent, it does not 
attack those metals which follow hydrogen in the electromotive 
series. As, Cu, .Sb, Hi, Hg, Ag, Pd, Pt, An fp. .p)), provided 
no oxidizing agetit is present. The other metals it attacks more 
or less violently. Among oxidizing agents arc hydrogen per¬ 
oxide, air, oxygen, nitric acid (forming aqtia regia), chlorates, 
etc. It follows that it is very important to know whether the 
possible exposure of some metal, s.ay copper, to hydrochloric 
I'lcid is to be in the presence or absence of air or any other ])os- 
sible oxidizing substance. A mixture of IJCl (s. g. 1.T25) and 
H2O2 (30 per cent) dissolves not oidy cop[)er, bismuth, nickel 
and antimony, but gold and platinum which are unaffected by 
the arid alone: this mixture docs not affect silver nor mercury, 
and attacks lead very slightly owing to the formation of an 
insoluble protective coatingo When air is excluded hydrochloric 
acid_ attacks copper pnactically not at all, but in the presence 
of air the corrosion is very r.apid : ’ 

2Cu -f gllCl -f O,-> 2CuCk -f 2I IT). 

Hydrochloric acid attacks the more clectrojtositive metals 
(among them arc aluminum, zinc, iron, nickel, tin and lead) 
rapidly under most conditions, but the purity of the metal and 
the concentration of the acid have, of course, a great effect, 
leifectly pure zinc, for example, is not attacked by acid of 
concentrations less than o.3-1.0 N.'- The presence of arsenic, 
lead or cadmium in the zinc is said not to increase the rate of 
its sohition, Init very small amounts of nickel, platiimm or gold, 
of the order of o.ot per cent, increa:x‘ the rate ap])rcciably. 

I'erro-silicon tdloys are iKit resi.stant to hydrochloric acid. Fig. 
10 shows the results of tests made by the Duriron Company. 
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Perfectly dry hydrogen chloride gas has practically no action 
on metals. In hydrochloric acid plants, for example, cast iron 
pipes may he used for conveying the hot gases from open 
roasters, anrl they stand np well as long as the gases are hot 
(above 120 ), hut they are rapidly attacked by cool gases owing 
to partial condensation of liquid hydrochloric acid at lower tem- 
peratures.’’ 

Iron .—The following is an interesting instance of what is 
fundamentally hydrochloric aciil corrosion of iron. Acid cor¬ 
rosion of stills and condensers has given oil conqianies much 
trouble, both the [)ipc and the shell ty[)es being ecpially attacked. 
It has been determined that the c.iuse of the corrosion is the salt 



Kic. lo.— l■:^fc^■t of Hydrochloric y\fid ,it Hiffcrcnt Coiicciilratioiis on 

1 hiriron. 

water contained in the oil. The salt water is held very tena¬ 
ciously in the oil in an emulsified condition, hield storage to 
remove salt water and other im|)uritics is regular practice, never¬ 
theless the feld-relinery-j)ii>cd oil averages o.^-i.5 ])er cent 
British Standard Water, of which fier cent is salt water. 

At the refinery a mixture of oil and vapor goes to the neces¬ 
sary ajyparatus whicli .allows the vapor to separate trom the 
residual oil and pass through a series of dephlegni.itors and con¬ 
densers. The lighter vai>or jiasses from the top of the last 
dcphlegmator to the condenser, h'rom there the gasoline Hows 
to the receiving house. Lines from other dephlegmators run 
through coolers into the receiving house where tlie necessary 
cuts arc made. 

Tests were run to determine the cause of corrosion. Light 
stills, stcani-hottom fitted, were equipped with dephlegmators, 
condensers, and coolers. Linked together, the stills were of 
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continuous-run tyjie, each having a higher temperature than the 
previous one. Intermittent operation was adopted. A leak was 
noticed at the end of a period of 25/^ years, and the tubes were 
found, on examination, to be corro(led for a length of 18 inches 
on the oil side. 

yMthough dissolved gases such as hydrogen .sulfide, oxygen, 
and carbon dioxide can cau.se corrosion, conditions indicated 
chlorides to be the factor sought, fhe oil brine analyzed 2.2 
per cent MgCb and 6.5 per cent iVaCl. Tlieoretically the brine 
should partially settle in the first still and the remainder dehy¬ 
drate in the next so that the salts shoukl ])ass the remaining 
.stills without trouble. Actually it was jiroved that in pas.sage 
through the dephlcgmators an acidity equal to 8.23 grains of 
HCl per gallon of water is acquired. Where ])etroleum contains 
I per cent brine, IlCl will be formed in the ratio of 3.39 lbs. 
to ICKX) barrels. 

MgClj was fhonght to be the source of the acid since it volatil¬ 
izes at a red heat and hydrolyzes in the presence of water, form¬ 
ing IICI and magnesium oxychlorides,’and it was thought that 
the hydrolysis of iMgCI.^ contained in the brine formed IICI, the 
vapors of which caused rapid corrosion wherever they con¬ 
densed. Laboratory experiments were then run which .showed 
that the water of crystallization from crystallized MgfiL is suf¬ 
ficient to start the hydrolysis and that AlgCI.^ .61 l.j() and water- 
free oil produced HCl vajiors between 172-200° C,'., thus indicat¬ 
ing that the hotter stills are the more favorable for corrosion, 
with No. 4 very favorable, .\ctually corrosion took place in the 
last two (iephlcgmators and the condensers used with the last 
dephlegmator. The most severe corrosion was found where cool¬ 
ing was below 100° C. That corrosion seems only to take place 
in condensers where stills hold a temperature average of T75- 
250° C. is confirmed by ITiend.””’ Steam assists the hydrolysis 
and the resulting dilution naturally accelerates the corrosion. 
After 114 years corrosion took place in a bafUc-plate heat ex¬ 
changer in which the oil made four passes through tubes to pass 
from bottom to top exit. .Since abrasive matter is heavier than 
oil and the hole was on th(> inside at the to[), acid corrosion is 
proved although the oil temperature did not exceed 1 To° C. 

It has been suggested that the acid formed be neutralized by 
ammonia, b'or this purpose aqueous ammonia was found best. 
Ammonia was siqiplied by a line to the vapor line just 

before it leaves the stills and before reaching the first de- 
phlegmators. 'I'he reaction must l)e alkaline to prevent acid vapor 
corrosion and the action of NlhiCI on metal. This plan was 
successful (a heavy deposit of NIIT'I being recovered later) 
although a certain amount of corrosion still took place due to the 
formation of iron salts. 

Continued experience has shown ammonia introduced in the 
fractionating system of pipe stills to be the best combative agent 
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thus far found to reduce the corrosive effect of HCl. It also 
no doubt neutralizes organic acids which might aid in the cor¬ 
rosion. Anmionia will not prevent such effects as noted in the 
heat exchanger, however, since it is introduced beyond that 
point in the vapor system. Also the use of ammonia on a bench 
of stills would be rather difficult, owing to the necessity for 
introduction into the vapor system of each still. Thus, on tlie 
whole, the most practical solution in all such cases is to remove 
the salt water from the crude (hi as it cones from the well, or 
at least before it is put into the i)ipe line. Various methods of 
dehydration of crude oil have been proposed and some are in use, 
but none has yet removed the brine so thoroughly that this sort 
of corrosion is entirely prevented. 

A more detailed account of these e.xperiments is given by 
Foster and Roberts. 

The action of hydrochloric acid on the new acid resisting 
steel of the t'ruciblc Steel Company of America is shown in the 
following talile compared with tlie action on other metals and 
alloys; unfortunately neither lime nor temperature data are 
available (see p. 34). 

ACTION Ot' 32 PER CliNT 11 YDROCTII.ORIC ACT! ) 

Loss IN Weight i.n Crams per Socare .Meter 


Crucible steel, grade 4 -2. Sl.d 

.3^2. 63..S 

riigli Cr, Ni steel. 717 

Cr. Si '• . 

25 per cent Ni. 34.6 

VVrought iron. 40S 

Copper .steel. 312 

Monel metal. 20.3 

High Cr steel. 678 


Zinc. —The rate of solution of zinc in hydrochloric acid is 
not constant, hut increa.'^es to a maximum:’* the rate is greater 
per unit apparent surface with rough zinc than with smooth, 
and greater with hydrochloric than with sulfuric acid, the solu¬ 
tions comjrared being isohydric (i. e., having the same hydrogen 
ion concentration or acidity). Tht' rate of sohition increases 
more rapidly than the hydrogen ion concentration, and is greater 
with zinc that has jjreviously been treated w ith an iodine solution 
than with untreateci metal. The black deposit that forms during 
the reaction on the zinc accelerates the rate of solution, as 
does also agitation of the solution and changing the acid. If a 
piece of zinc which has reached its maximum rate of solution 
in 2 N I-ICl is placed in fresh acid, the reaction velocity increases. 

These phenomena are explained by the hypothesis that ordi¬ 
nary zinc is in a passive condition due to a double layer of oppo¬ 
sitely charged molecules on its surface, and that any factors that 
disturb these effect the .solution velocity.*** This hypothesis is 
also applicable to other metals. 
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Various Metals. —The action of d.2 N HCl was included in the 
scries of experiments described in part on p:iges 29 and 48, 
where the analyses of the metals usetl and the experimental con¬ 
ditions are given. Tlie figures for hydrochloric acid follow: 

ACTION OF n.2 N IICI ON METALS AT 17-20° 

Loss IN' (Ir.\MS i'EK SqLIAKK MeTKK 1’U< IIocr 


7 t >ay.s, Vi 1 . 4 Honrs, 1 1 . 28 Days, pj 1 . 

Metal Acid Reneweil Daily Acid Not Changed Acid Not Changed 

Zinc_'. *128 117.5 046 

Cast iron. * 10.8 750.43 

Wrought iron. . *ii.,t 4.2' O.40 

Alnininuni. 0.20 0.25 O.25 

Lead. 0.71 i-5 o.io 

Copper. i.yy 0.75 0.47 

Tin. 0.2s 0.50 0.13 

Nickel. 0.15 0.25 0.06 


* Estimated on the basis of aefiun lasting lo.ss than 7 days. 


From the marked action on copper it is evident that tlie experi¬ 
ments were carried out in the iiresencc of air. 

Pure antimunv resists hydrocliloric acid cold and moderately 
hot, tlie basis of Hargreaves’ and Robinson’s llritisli patent (5809 
of 1882) for antimony cooling pipes, evaporating pans, etc. 

I'onnaldeliyde has an inhibiting elfcct on the solution of metals 
by mineral acids, and hydrochloric acid containing l per cent 
IILllO can be used for pickling rusty steel without much effect 
on the steel itself."' 

Hlcctromoth'c Series of .Metals. —W. IX Richardson has 
worked on the elucidation of some inconsistencies of the electro¬ 
motive series, as to solution of metals in acids. 

He reports experiments made on the rate of solution of four 
kinds of iron, rolled copper, and alnininuni both with and with¬ 
out catalyzers of platinum, silver, co|)per, nickel, and formakle- 
hyde, in .sulfuric, hydrochloric, and nitric acids rcs|iectively. 

The results of his experiments led him to the following con¬ 
clusions : 

(1) Inconsistent behaviour of the metals in corrosion and 
acid solution phenomena on the basis of the electrochemical series 
can only be expltiined by taking into consideration a number of 
factors. 

(2) The principal factors are solution tension, the hydrogen 
influence, the oxygen inlluence, the carbon dioxide inlUience, the 
cathode influence and the halogen inlluence. 

(3) Corrosion and solution of metals in acids may be con¬ 
sidered as actions tending to go forward at rates proportional 
to solution tension and hydrogen ion concentration, but subject 
to the accelerating and retarding influence of many substances 
acting as catalyzers. 

(4) Indications of the sensitiveness of various metals to the 
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hydrogen and oxygen influences can be obtained by their be¬ 
havior when treated as couples in dilute acids and neutral salts 
and connected through a sensitive voltmeter or galvanometer. 

(5) Studying the behavior ot metallic catalyzers on the rates 
of solution of copper-bearing iron, pure open-hearth iron, gray 
cast iron and semi-steel in normal sulfuric, hydrochloric and nitric 
acids at 16“ C. with several metallic catalyzers, it was found that 
the rolled metals in general showed a difl'erent and opixisite 
behavior to that ot the cast mcttds. 

(t)) Again, the behavior of .any of these metals in the non¬ 
oxidizing acids, sulfuric and hydrochloric, is as a rule differem 
from the behaviour in nitric. 

(7) A similar rule holds for corrosion in these metals and also 
for their solution in the above acids without cattdyzcrs. 

(8) Although the mode of action of a soluble organic cata¬ 
lyst, such as formaldehyde, is probably difl'erent from th.at of 
the metallic catalysts, nevertheless, the o])])osite tendency in the 
ca.se of different metals in oxidizing .and non-o.xidizing acids is 
revealed in this case also. 

(9) The rates of solution of copirer-bearing and pure 0|)en- 
hearth iron in nitric acid are c.atalyzed ncg.atively by silver, 
copper and formaldehyde, but the latcs of grey cast iron and 
semi-steel are catalyzed positively by the same three cataly-sts. 

(10) No pronounced change of rate is shown by silver, copper 
or formaldeiiyde acting as catalysts on copper-bearing or [)urc 
open-hearth iron in stdfuric or hydrochloric acid. 

(it) The same is true of silver and coi)per when acting on 
gray cast iron and semi-steel, but in contnist with this behavior 
formaldehyde catidyzes these met.ds strongly in a negative <lircc- 
tion in the non-o.xidizing acids. 

(12) Platinum catalyzes the rates ot copper-bearing and ])ure 
open-hearth iron positively in normal sulfuric and hydrochloric 
acids, and the action is more pronounced in the case of pure 
open-hearth iron than in the case of copper-bearing iron. 

(13) On the contrary, the rates of these metals in normal 
nitric acid arc catalyzed negatively by platinum. 

(14) The rate for copper is not certainly catalyzed by any 
of the catalysts used. 

(15) Nickel as a catalyst produces no effect on any of the 
metals in any of the acids except aluminum in hyalrochloric acid. 

(16) Aluminum is not affected by any of the ctitalysts in nitric 
or sulfuric acids. 

(17) In normal hydrochloric acid the rate for aluminum is 
catalyzed strongly by nickel and still more strongly by platinum, 

(18) A similar action might be exix.-cted in sulfuric acid 
and the lack of action in this case is |)rol)ahly duo to the oxygen 
influence of sulfuric .acid on aluminum. 

(19) Under conditions of ettrrosion the cast metals ..re rela¬ 
tively less attacked in the prc.sencc of much oxygen than the 
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purer rolled metal. They are also relatively less attacked by 
an oxidizing acid, such as nitric, than by the non-oxidizing acids, 
sulfuric and hydrochloric, 'I'he catalysts, silver, copper and 
formaldehyde, all reverse this action and cause the rates of the 
cast metals in nitric acid to he increased and tlie rates of the 
copper-bearing and pure open-hearth irons to he reduced. Plati¬ 
num, while catalyzing the rolled metals negatively in nitric acid, 
catalyzes them positively in sulfuric and hydrochloric acid, and 
is without action on the cast metals in any acid. 'I'he failure of 
the ])latinuni to catalyze the cast metals S“s probably due to the 
evolution of poisons from impure metals by the action of the 
acid. 

Alloys .—'rile action of hydrochloric acid on coniincrcial ferro- 
silicon alloys is considerably greater than that of either sulfuric 
or nitric acids : ° 

T-oss ill (irains 

Strength of Acid Duration of Te,st Tcnii)cratiire in r nr per Hour 
3-4% 5 weeks 80 85° 0.111 

Data showing the dejith of corrosion in terms of centinielers per 
year, based on :i 120 days’ test, are given in the following ttdde: 

Strength of Acid Depth of Corrosion 

25% IlCl. 0.0205 cm. per year 

5% “ . 0.0082 

On nichromc, however, the action of hydrochloric is less vigor¬ 
ous th:in that of nitric acid, and sometimes more and sometimes 
less than that of sulfuric acid, 'fhe following table shows the 
action of both concentrated and dilute acids, hot and cold.'" 


ACTION OF 11 YDROCHI.ORIC ACID ON NICIIKOMK 


Strength of Acid 'I'emp. 
Concentrated (37%), 25° 
Dilute, 4 M. (ahout 

15%). “ 


Concentrated (,37%). 95-98° 
Dilute, 4 M. (about 

15%). “ 


/-Loss in g/niVhr During the Periods-s 

0 48 Hr. 48 72 Hr. 72-142 Hr. 0-142 Hr. 
0.357 0.226 0.213 n.264 

0.468 0.335 0.284 O..I55 

Loss in g/inVhr 

in 4 Hours 

319.1 

114.4 


Stellite is reported fairly resistant to hydrochloric acid."'-'' 


Material Tested 

Cast feslcl stellite. 

Hammered fcstel stellite. 

Cast soft malleahle stellite. 

Hammered soft malleahle stellite 

.Ml other grades (see p. 52) ... 


Action 

Corroded, loss o.i per cent 
Corroded, loss 0.29 per cent 
Corroded, loss 0.21 per cent 
Slightly corroded, luster destroyed, 
loss 0.12 per cent 
whole destroyed, loss 0.05 per 
•Slightly corroded, luster on the 
cent 
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Monel metal is not resistant to hydrochloric acid.”* 

The great reactivity of hydrochloric acid with metals makes 
it one of the most difficult acids to handle in industrial opera¬ 
tions and non-metallic materials usually liave to he used in plant 
operations. See Chapter VII. 


Miscellaneous Acids, Organic and Inorganic. 

Halogen Acids .—The halogen acids other than hydrochloric 
(hydrofluoric, -bromic and -iodic acids) are all detrimental to 
metals, though as much as 2 per cent hydrofluoric acid in sul¬ 
furic acid does not harm lead '' and strong hydrofluoric can be 
transported in viou drums.'■“ Hydrobromic acid, and hydro- 
iodic still more, is o.xidized by the air to w.ater and free halogen, 
a mixture having a corrosive action on almost all common 
metals. 

Sclcnie Acid, bU.Scf),. though scarcely coining into considera¬ 
tion commercially, is interesting as being the only single acid 
that will dissolve gold (aipia regia being a mixture of hydro¬ 
chloric and nitric acids). 

Acetic Acid, (Tl.iCO-tl, of the organic acids is by far the 
most important commercially, and one of the strongest. It is 
used extensively in organic syntheses as arc its derivatives, acetic 
anhydride and acetyl chloride, t'opper and aluminum are both 
little acted on by strong acetic acid, Init aluminum is .attacked 
more strongly than copper by the dilute acid. The addition of 
ll.j( 3 ; to acetic acid produces a mixture which dissolves copper, 
silver, mercury, lead and bismuth, but the presence of ILO; does 
not affect the action on aluminum.'' 

In view of this it is not surprising th.at the presence or absence 
of air has little efifect on the corrosion of aluminum; the acid 
concentration is the all-important factor. The rate of solution 
falls as the concentration rises to (>0 per cent and above, but the 
removal of the last 0.05 per cent water raises the rate a hundreil- 
fold. Alisolute acetic acid jirodnces a crystalline acetate dif¬ 
ferent in form from that produced by ai, leous .solutions.'" In 
the following table are given data on the action of boiling acetic 
acid of different strengths on aluminum which had been annealed 
<an<l washed with sodium hydroxide solution and nitric acid 
before exposure to acetic acid. The analysis of the almninum 
was: 


Per Cent 


Si. 0.45 

I'c. 0,45 

(.'u. 0.00 

A 1 . ()().! (It\ 'lifferetu'e) 
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SOI.IITION OF ALUMINUM IN HOILING ACETIC ACID 
Ratks ok 1-oss in Grams ker SgcARE Metui ker Iloiiu 



Initial 


Crams A1 Diss. 

Strcngtii of Acid 

I'dnal 

Which Produce 

Rate 

Rato * 

Tiirliidiiy in too c. 



0.02(J 


gH 


o.i4() 


90 


0.688 


Ko 


1.220 


70 


i -375 


9{) 

].()J5 

J.-iiB 

0.11 

50 


1-75^' 


40 


2.050 

0.157 

20 

1-^75 

2.220 

OK) 

JO 

1.125 


0.24 

I 

o.<)58 

5,000 

0.058 

0.2 

(1.250 

5.208 

* Tfic finiil raU' is flu 
see column 4. 

rale after 

.salur.ilion of (he 

acid siiliititin is readied 


1 he action of cold acetic acid on aliiniiiuira is shown in the 
following faille: 

SOLiriTON OF ALUMINUM IN ACETIC ACID AT 20° 
Rates ok I,oss in (jrams kioi SgrAKi: Mi;teu kkr IIocr 


Strength of Acid 
Per Cent 

Rate of Stilutioii 

99.2 

0.0000 

(>S 

0.<HJ(H 14 

95 

0 ( )()o6 

90 

0.0011 

80 

0.0024 

0.0024 

75 

0.0025 

70 

0.0025 

65 

0.002() 

U) 

0.(K)25 

55 

0.0025 

5<' 

0.0025 


O.OO 27 

15 

0.005s 

10 

o.(X)58 

5 

0.0055 

"?.5 

0.0055 

I 

00046 

0-5 

0.0058 

0.25 

0.0071 

0.1 

O.UI 17- - 0 .()(J (;2 

0.02 

0.0155 

0.004 

0.0042 

0.000 niistillcd w.-mr) o.OOOO 


C uuuncrciully I’lirc Iron .—‘'Coniniercially pure iron” is find¬ 
ing increased use in industries in jdaces where corrosion con¬ 
ditions are unusually severe because of its resistance to mildly 
acid and strongly alkaline solutions. Such iron contains usually 
less than o.i per cent carhon, sulfur, manganese and copper,*"" 
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and its resistance to corrosion is largely due to the fact that 
its great homogeneity results in the absence of areas of differ¬ 
ence of potential on its surface when immersed in electrolytes, 
and consequently in an al)sence of electrolytic action. It is well 
known that many old and even ancient samples of iron were 
of high purity, and that they have shown a high degree of free¬ 
dom from rust. 

The tabulated re.sults of a test in wdiich commercially pure 
iron and a sangjlc of steel were tested in acetic acid show the 
superiority of the iron in this respect, d'he samples were kei)t 
in 3 per cent acetic acid at approximately 38“ C. for 45 days. 

AN.VLYSIS OF SA.\ll’Lli.S 
IVt Cents 


S r C Mn Cu 

Commercially pure iron. 0.015 0.006 0.010 o.ou 0.018 

Steel. 0.048 0.077 0.140 0.288 0.372 


ACTION OF 3 PI{k CEKT ACETIC AT API'RC.IXIMATFLY 
38” C. I-OR 45 DAYS 

'J'olal Tos.-s, Average Loss, 
g/in“ g/nr/liour 

Commercially pure iron. 51^2 0.548 

Steel. 1160 1.074 

A product marketed under the n.'une "C.'hemi-Steer’ is claimed 
to be far superior to the best gray cast iron in its resistance to 
acetic acid; with glacial acetic acid at low temperatures there 
is not a great deal of difference, but at 70° the cast iron is 
attacked and dissolved twice as fast; with 10 per cent acetic 



('hcmi-.Stcfl Ccijt Iron 

Courtesy The Af. IV. Kcllotjg Company 

Fic. n.— Comparipon of t'.ffccl of 10 T’cr Cent Acetic .Acid at ~o° C. 
on "Chcnii-Steel" and t'ast Iron. 

acid the difference is even more marked, the cast iron being 
dissolved four times as fast as Chemi-Steel ai 30° and too times 
as fast at 70“ It is claimed by the makers that this difference 
puts their product in a position to be used with 10 per cent 
acetic acid with practically no loss, while cast iron is unf.tted for 
this service. 

In comparison with other metals and alloys the recent high 
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melting, acid resistant steel of tlie Crucible Steel Company of 
Ameriea shows the following behaviour towards glacial acetic 
acid; no time or temperature conditions are reported (see p. 
34 )- 

ACTION OK GLACIAI, ACICTIC ACID 


l.oss IN VVeicht in Ghams cek Square Meter 
Cniciblc steel, grade 4 . 9.5 


3 2 

High Cr, Nl steel. 

■' Cr, Si " . 

2$ per cent Ni. 

\Vrouglit iron. 

Copiier steel. 

Monel metal. 

11 igh C.'r steel. 


0.51 

12.3 

0.00 


299 

18.9 

1.08 

1.04 


Neither fresh nor stale butter attacks ibe steel, and lactic acid 
only discolors it sligbtly: it is somewhat attacked by saturated 
oxalic acid solutions, and is not very resistant to sulfurons acid. 

On commercial ferro-silicon neither ().() jier cent nor glacitil 
acetic acid has any appreciable effect;'' te.sts were carried out 
with the former for one year at room temperature and with the 
latter for two weeks at i)o" without wcighablc loss of metal. 
The glacial acid had a strength of ()<) per cent. 

Monel metal showed the following losses in weight when ex¬ 
posed in sheet form to boiling acetic acid for eight hours; 


SOLUTION OK MONKI. MKTAI. SIIK.F-'.T IN ilOIt.ING 
ACETIC ACID 

Rates or Loss in Grams I'Er Souake Meter i’er Hour 


Strength of Acid Loss 

10 per cent . O.II 

26 “ “ O.IJ 

56 “ ■' 1.70 

90 “ “ 1.85 


The same material lost 0.005 S- Pc'r square meter per hour during 
eight months’ e.xpostire to cold glacial acetic acid."'' Monel 
metal is excellent in its resistance to fatty and many other or¬ 
ganic acids, urine, dyeing solutions and heverages, and resists 
fairly well weak phosphoric, hydrocyanic, hydrolluoric and citric 
acids. It is not resistant to sulfurons and chromic acids. 

At room temperature nichrome is attacked by both dilute (4M, 
24 per cent) and concentrated (97 per cent) acetic acid more 
strongly than aluminum is, but at higher temperatures, while the 
concentrated acid attacks nichrome more strongly than aluminum, 
the action of the dilute acid is less on nichrome than on alumi¬ 
num."’ The quantitative results follow. 


ACTION OK ACETIC ACID ON NICHROMh; 

.-Loss ill g/niVlir During the Periods-, 

Strength of Acid Temp. 0-48 Hr. 48-72 Hr. 72142111-. 0-142 Hr. 
Concentrated (97%). 25° 1.790 2.00 2.305 2.079 

Dilute, 4 M. (24%). '■ 0.114 0.126 0.106 0.112 
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Loss in g/mVhr 
in 4 Honrs 

Concentrated (y7%). 95 98“ 1.60 

Uiinte, 4 M. (24%). " 0.69 

The action of several iniscellaueotts acids on stellite (sec p. 
52) is shown in the table on jtage 71.’“'' 

('ast hard malleable stellite best of all resisted the action of 
atpia regia. While the tiction of (i.Kalic acid was intensified by 
boiling, heating did not visiltly increase the'Mction of phosphoric 
or carbolic acid; the action of acetic acid oti the first two 
samples in the table was slightly increased by boiling, but no 
increased action was observed on the other .samples. 

Other Organic Acids. 

lioiling biilync acid of ly; per cent .strength has practically 
no effect on ahnninnm, but above this strength it .shows :i .sudden 
ri.se in the rate of its action on the metal like acetic acid. Fro- 
pionic (U'id behaves in the same way. Toiling 77 ])er cent formic 
acid attacks ahnninnm very rapidly, .\li.\tnre.s of palmitic, 
stearic and aide acids do not .attack the metal below 270° but 
invariably attack it above 

The action of certain organic .acids on tin is of csjieci.al inter¬ 
est becan.se of the e.xtensive nse of tin-lined cont.ainers for 
canned foods. In the .absence of air tin is not o.vidized by 5 
[jcr cent tartaric acid, Init in the presence of air o.xidation of 
the metal takes jilace at the surface of the solution, o.sides of 
tin and stannous tartrate being formed. With a restricted aiiKiunt 
of oxygen the .SnI) tirst formed is gradually oxidized further and 
forms a brown colloidal solution which on heating is changed to 
a bluish white hydrosol containing hydrated SnO^ :md possibly 
an intermediate oxide.'” 

Tenth normal and bnndrcdth normal solutions of oxalic, tar¬ 
taric, citric, malic, acetic and lactic acids attack the tin coating 
of cans rapidly in the air but scarcely at all in vacuo or in an 
atmosphere of carbon dioxide. Most neutral salts have but little 
effect, but nitrates catalyze the reaction positively. All the acids 
oxidize more than their cquiv.alent of tin, the main product being 
Stift-tll);.. insoluble in all the acids except tartaric and oxalic. 

With zinc the results are simikir, except that oxalic acid h;is 
scarcely any effect on the metal and indeed tends to inhibit 
the action of the other acids.”” 

That dnrahtmin may be used for cooking vessels is indicated 
by experiments with cooking-salt solutions and dilute .acetic acid; 
neither showed traces of copper after being boiled or allowed 
to stand four dtiys in dtiralumin vessels. Foods showed no 
greater action than Laj) water.”' nnralumiii can be hot or cold 
rolled, forged or drawn. Its melting point is 650“, its specific 
gravity less than 2.8, and its composition 
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Al. 

Cii. 

. 94.6% 


Mv. 

. 075 

Mil. 

. Trace 

Si. 


Zn . 

. None 


[he action of a nunil)er of organic acids im commercial ferro- 
silicon is shown in the followinj,' table:" 


Acid 

Huralion of Te^l 

1 emp. 

I.oss, n/niVIn* 

Rcnzoic. fused. 

.... 16 hours 

>->3 1 , 15 “ C. 

0.06s 

Butyric, 98%. 

. ... One monlh 

Kooin 

o .()()>4 

Formic, 8s%. 

... . One week 


0.0(H)() 

Hydrocyanic, 98% .... 

. ... “ “ 

•• 

o.oo^i 

I^actic, 99%. 

.... One inontli 

“ 

0000? 

Oxalic, 30%. 

.. .. 48 hours 

85 90° 

0.3031 


The action of some other organic acids on the same material 
in terms of depth of corrosion in centimeters jn'r year is shown 
in the next table. 

Acid Dcptli of Corrosion 

OO'/o acetic acid. 0.0000.177 cm. |pcr year 

7.9'/(i oxalic acid (liydnited ).. . . 105 

Commercial oleic acid. 0218 

31% pyrogallic acid. (J5_',5 

Picric Acid. — llecaiise of ils imitortance as a military explo¬ 
sive and becansc of the dangerous cb.-iracter of some of its 
.salts, the action of picric acid, (',;l Id N( )/)„( til, <.111 mettils 
is of interest ;md im|iortance. 'Fhe following results were ob¬ 
tained by heating 2 g. jticric acid at 125" (the acid was therefore 
moltcti) in a tnbe, in a thermostat, wdtli 1 g. metal lllings or shav¬ 
ings for hours. The mass uas dissolved in hot water, liltered, 
and evaiMtrated to dryness, the residue tre.'ited with nitric aciil to 
destroy picrates, and the solution analyzed for the metal in cpies- 
tion.-^ 

WHICTIT OF MIfTAI. I )I,SS( )LV FI) lA' MFI.TI'.II I'lCUIC .\Cli) 
FROM rg FII.I.\'(;,S AT I2.s° 

Metal \' '. in drams 


,Sn. n.(Kioi) 

Al . 0.048,8 

F'c. 0.1530 

Cti. 0.1754 

N i. . o. 18t)2 

Zn. 0.2046 

PI). 0.27<>S 


In solution picric acid and trinitrocresol C.il i .( 11 :,. (N(.);)A Ml, 
react with metals as shown in the following table. In this case 
plates of iron, zinc, copper ami brass 50 x too x 0,5 inni, were 
ii.sed and also plates of lead atid aluminnm 50 .x ton x 4 nn.i, ; these 
were let stand for four weeks in 2 <k) g. water containing 50 g. re¬ 
spectively of iricric acid or trinitrocresol,-^” 
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ACTION OF PICRIC ACID AND TRINITROCRIiSOF IN 
SOLUTION ON MKI'ALS AT ROOM TFMPFRA I'URR 


Metal 
Lead. 


Iron. 

Zinc. 

Copper... 

Brass. 

Aluminum 


Corrosion. 


Picric Acid 
Immoliate action, 
strong corrosion; 


salt res. in soln. 3.91 g 

■As above.13.71 

“ “ 18.86 

Res. in soln. g.37 

. . i.iy 


Brown crusts con¬ 
taining some picratc .3.94 


Trinitrooresol 
Same as i)icric acid 


. 4 iSg 

As above. 3,78 

Slight corrosion. 

residue. 0.48 

,.. 1.04 

.. 1.04 

Brown crusts con¬ 
taining some trini- 
trocresylate 2.97 


\Vliilc corrosion in its Itrotidcr sense incatis a slow destritction 
or wearing away, nsnally of a metal hy chemical reagent.s, and in 
this sense would include all tlic cases considered above, in it.s 
more restricted .sense it itsually refers to reactions like the rust¬ 
ing of iron, actions that are, com|iare<l with those above, ex- 
trctncly slow and are caused by fairly dibtte solutions. For the 
sake of convenience the cases considered here under this head 
will be those not easily classiUcd under previous headings, such 
as the action of acidic salt sohttions (solutions that are acid 
owing to the hydrolysis of the salt of a weak base and a strong 
acid), the action of dissolved oxygen, r)f dissolved carbonic acid, 
and so forth. 

The question of corrosion is one of great importance com¬ 
mercially, c.specially in marine engineering, and it b;is comse- 
quently been studied in great detail, but because of the great 
variety of conditions under which corrosion occurs and the some¬ 
what complex nature of the factors which affect it, it cannot be 
said even now to be completely understood. ,So mneb work ha.s 
been published on this subject that only a few of the more im¬ 
portant available data can be given here. 

The rusting of iron requires the presence of water and oxygen 
to reach a practicably ap])recial,Je velocity, and its velocity is 
much increase<l by the presence of carbon dioxide, but it seems 
pretty well established that the latter is not necessary for action 
to occur; indeed an infinitesimal amount of rusting occurs in 
the absence of oxygen, but the rapidity of the corrosion is in 
general a linear function of the partial pressure of the oxygen 
in contact wdtb the water that causes the rusting. These facts 
seem best explained by the hypothesis that the hydrogen ion is 
the fundamental cau.se of rusting, and that the fir.st reaction is 

Fc + 2H--> Fe' +Hs. 

'I he concentration of hydrogen ion in pure water is only lO"’ 
grams per liter, so that this reaction is extremely slow; in addi¬ 
tion to this the hydrogen sei>arating on the surface of the iron 
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soon brings the action to a standstill. If, however, dissolved 
oxygen is present, it acts as a depolarizer, permitting tlie reaction 
to continue. Finally, if carbon di<ixide is present dissolved in 
the water, it increases the hydrogen ion concentration by the 
formation of weakdy hut appreciably ionized carbonic acid which 
increases the rate of rusting. Conversely alkalies hinder rusting 
by repressing the hydrogen ion concentration. 

In a case where .severe corrosion of wrought iron csnidenser 
tubes w'as found caused by a high CO^ concentration in the 
water, the corrosion was stopped by the use on the water of a 
lime-soda softener.-'' 

Electrical <’ffects may hasten or hinder the corrosion. Tin, 
which is less electro))ositive than iron, when in contact with the 
latter met;d increases the l ate of its corritsion (e. g. the raiiid 
rusting of damaged tin jtlate ). while Ihe more electro|X)sitive zinc 
in contact with injii ])n)tecls the latter by itself dissolving and 
assuming the jtositive charges of the hydrogen ions. F.xtimina- 
tion shows that iron jtrone to rttst has a greater number of arctis 
of marked electropotential dilTerence th;m has more resistant 
iron. 

In the rnsting of iron secoinhiry reactions follow the initial 
reactitni with the restilt that after long ex])osure the linal product 
is ferric oxide, Fe-t.);,. The .■■tages of the change are not quite 
certain, hut probably a ferrous c.irhonate, h'e(OlI) (Hf-O:,) or 
I'e( netis first formed, which is o.xidized to either 
l'e(OH ) I K (hi) or h'ef ()H ) (1 Itor both; these are hy¬ 
drolyzed hv water to h'effdOj which gradually passes to 

FeTh,."*''^' 

To sum ti)), an a))))rcciahle concentration of hydrogen ion 
is necessary for rusting; wlnitever increases this acids or acidic 
stilt.s—favors rttsting, and whatever reduces this alkalies or 
alkaline substances - inhibits rusting. ().xygen aids rusting Ity 
acting as a de|X)larizer. ()ther metals in contact with iron pro¬ 
mote or inhibit the corrosion of iron according as they are less 
or more electro])ositive than iron. 

There are many conflicting dat.a on the relative resistance to 
corrosion of iron and steel, hut it is generally considered that 
ill sea water wrought iron st.nids up belt r than steel. Man¬ 
ganese is not believed to he a serious ctiuse of rusting.-’* 

A somcwdiat comprehensive series of e.xpcriments on the com¬ 
parative corrosion of different kinds of iron and steel and of 
aluminum and copiter in water and brine has recently been pub¬ 
lished.'” 'I'he sheets tested were 6 inches square; the rolled 
sheets were number i6 gage, and the cast pieces were '/g, inch 
thick. These pieces were exposed for nxto days at room (em- 
[terature to: l. Distilled water at rest: 2. The same, plates dried 
semi-weekly; 3. Distilled water with air agitation; 4. The same, 
plates dried semi-weekly; 5. Ten per cent salt brine t rest; 
6. The same, plates dried semi-weekly; 7. 'I cn per cent salt 
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brine with air agitation; 8. The same, plates dried semi-weekly. 
The experiments were run in triplicate with good agreement. 
The analysis of the samples was as follows: 


.Mark 

Si 

V 

S 

Mn 

Total’ 

- Carbon 
Graph¬ 
itic 

Com¬ 

bined 

Cu 

AA. 

0.04 

0.007 

0.015 

0.063 

0.059 


0-059 

0.12 

CC. 

0.03 

0.005 

0.016 

0.16 

0.056 


0.056 

O.IO 

1!B . •. 

0.04 

0.008 

0.015 

0.024 

0.030 


0030 

0.015 

ir . 

0.002 

Trace 

0.019 

0.002 

0.020 


0.020 

0023 

JJ. 

0.(K)7 

0.002 

o.ojO 

0.023 

0.020' 


0.020 

0.025 

KK . 

o.cxjS 

0.002 

0.013 

0.020 

0030 


0.030 

0.000 

uu . 

o.ooH 

0.015 

0.043 

0.433 

0.164 


0.164 

0.021 

ww . 

0.(H>4 

0.020 

0.041 

0.282 

0.097 


0097 

0.030 

T'l'. 

0.005 

0.075 

0.290 

0.450 

0.119 


0.119 

0.030 

VV. 

0.008 

0.025 

0.033 

0.407 

0-132 


0.132 

0.020 

Dl). 

0.14 

0.12 

0.014 

0.31 

0.023 


0.023 

0.000 

F.F.. 

0.15 

0 17 

0.019 

0.030 

0.030 


0030 

Trace 

XX. 

0.«M)3 

0.052 

0.013 

0.02() 

0,060 


0.060 

0.047 

FF. 

2.7T 

0.82 

0.120 

0.32 

3-21 

2.62 

0.59 

0.000 

SS. 

2.24 

0.40 

0.122 

0.44 

3.08 

2.67 

0.41 

0.000 

l.L . 

0.8 r 

0 . 13 / 

0.054 

0.251 

1-35 

0.05 

1.30 

0.000 

()(). 

0.48 

0.143 

0.044 

0.216 

T -55 

0.05 

1.50 

o.noo 

M.M . 

0.90 

0.134 

0.09 

0.25 

0.57 

0.50 

0.07 

0.000 

NN. 

0.77 

0.164 

o.c )67 

0,26 

244 

1.44 

1.00 

0.000 

(,(; . 

-’•95 

0 . 9 -J 

O.IIO 

0.33 

3.00 

2.72 

0.34 

0.000 

RR . 

2.15 

0.327 

0.121 

0.46 

3-15 

2.35 

0.80 

0.000 

PP . 

0.26 

0.01 r 

0.024 

0.58 

0,20 


0 20 

O.O(X) 

yu. 

0.23 

0.036 

0.041 

0.58 

0.21 


0.21 

0.000 


Key to the Marks: AA, CC. copin-r hearing:; Itli, JI, oix-n licartli pure 
irftn: jj. KK, npcii-Iicartli cold rolled; UU, \V\V, opcn-lu'arth iron; T't, 
N\L licsscmcr iron; 1 ) 1 ), t'.K, gcnninc puddled iron; XX, charcoal iron; 
h'h', .SS, Kra\' cast iron; 1 . 1 ., (X), white cast iron; .MM, NN, niallcahh; 
iron; (i(i, KR, scnii-stccl; PP, QQ, cast steel. 


All of the |ilates e.xperiincnled on were used in their original 
condition with their surfaces untreated in order to duplicate as 
closely ;is jtossihle conditions met in industrial prticticc. 

The plates were subjected to corrosion tinder the aljovc out¬ 
lined conditions and for final weighing were freed frdm rust 
by brushing arnl carefully controlled sand blasting. The losses 
due to corrosion are given in the following table: 

CORKO.SION I.()S,S IN GRAMS AFTER looo DAYS AT 




ROO.M 

TF..V 1 PKRATURF: 




Mark- 

I 

2 

,t 

4 

5 

6 

7 

8 

A A . 

22 / 

ig.O 

177.5 

I 10.4 

45.9 

131.1 

a 

a 

CC . 

. 2^0 

T ().0 

184.0 

111.2 

36.8 

153.9 

204.2 

a 

BB . 

. 28,4 

21-.'; 

160.8 

III.6 

51.2 

145.7 

164.8 

a 

II . 

2 ( t .6 

270 

155-4 

80.7 

48.5 

133.5 

148.7 

247.9 

JJ . 

. .' 4.1 

16.4 

-'23.1 

128.5 

41.3 

107.2 

124.3 

253.0 

KK . 

. .' 4.1 

14.1 

192.0 

114.4 

41.5 

129.2 

132.7 

a 

UU . 

- ^ 1-3 

12.2 

188.6 

95.9 

51.1 

176.8 

1465 

a 

WW . 

• 23.S 

15-9 

21.5.5 

102.3 

49.9 

147.3 

186.6 

221.9 

TT . 


14.1 

1784 

96.8 

53.5 

161.8 

171.0 

252.1 
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Mark 


2 

3 

4 

5 

6 

7 

8 

VV . 


16.4 

230.7 

101.6 

50.,! 

153.8 

a 

222.6 

DD . 

391 

24.1 


102.1 

05.6 

151.9 

14.5.1 

a 

EE . 

36.H 

20.3 


inS.4 

4.t.9 

111.9 

Kiy.i; 

305.3 

XX ♦. 

2i.(j 

11,4 

15-’.') 

70.9 

.3,t.8 

<X).6 

189.4 

160.3 

FF . 

31.1 

19.9 

78.K 

88.1 

24.4 

05.0 

62.9 

196.6 

SS . 

28.6 

22.3 

m,!..t 

M3-5 

32.8 

57.-J 

42.0 

195-5 

l.I. 

27.2 

MS 

230.7 

I l<).2 

1,5.6 

7o.<) 

51.4 

153.8 

00 . 

2 

t8., 

0.3') 

M-t.i 

103.0 

24.8 

65.5 

5<).7 

149.9 


’ ’ 

. .2 

» 118.5 

31.6 

130.2 

63.1 

237-6 


3‘'-5 

*J9-5 

218.3 

IT3.» 

30.5 

103.6 

86. ,s 

191 9 

(iC . 

33.9 

20.5 

97-3 

124.0 

XI^ 

81.5 

92.1 

192.6 

RR . 

28.K 

IS5 

j 18.9 

124.5 

-5- 

8f .4 

48.1 

189.-1 

PR . 

30.6 

24.4 

242.2 

107,4 

55-5 

218.0 

120.7 

4477 

QQ . 

20.2 

2-1 .<) 

2.17.9 

78.5 

3^’-2 

160.3 

T22.3 

283() 

Alt. 

0.0 

0 1 

0.4 

0.2 

0.0 

0.8 

O.I 

0.5 

Cut. 

* XX. 5t)o (lays 

O.I 

only. 

14.0 

<>■3 

12.4 

0.1 

8.3 

0-7 

lo.o 

t Aliiiniiniii’ and cfi'pcr, 
0.08 per ocnl; Si, 0.511 (icr 

0<-),5 ‘lay 
cent; 

s (inly. 

’!'lu’ aliiMiiimiii 

licr c'-'iit. 

tlaU s iiM-d 

coiilaiiK 1 

: Cu. 


Cohiiiin licaflinj^s: 


I. \\ ati r / ., • 

1 , - , (JuK'srt iii 

j. I'niH- \ 

3. W'aUT ^ .. . 1 

T» • f Au'-auJ ati'( 

4. }^>riiic S ^ 

Water?,. • 
f,. V,rhK‘ \ 

i I Air-aj^ilatcd 

«. linnc \ 


I'oiuilinally wet 


IMaU's (iriial sniii-wiakly 


1*1 A. I\ich:inls(in aiul 1 '. Ricliardson give data 011 the 
induenec (if edppei', iiiaiigane'-e, ehroiiiiiiin, and sonu: of their 
eoniliiiiatioiis, on tlie corvodoH of iron and steel. ( onsiderable 
division of opinion existed. li(.‘tore tlieir tests were made, as to 
the (d'fect of copper and manganese wlien added to commercially 
jHire iron. It was thought that the ])rohahle effect of cop|K‘r 
of decreasing the corrosion of iron might he increased hy the 
addition of manganese or chrominm. It h;id also heen noted, 
in previous work, that copper nmkes iron red-short. 

Atmospheric exposure tests were made and the method of 
judging the degree of corrosion w,as that adotited hy the .Ameri¬ 
can S(X'icty for Testing Alaleri.als. It was concinded that: 

(a) There is mntnal action between mangan-'se and copiter in 
their effect upon atmos|iheric eotrosion of iron, topper alone 
reduced the corrosiim of |inre iron, and. to a still greater c.x- 
tent, the corrosion of steel, owing to the mtingancse in the steel. 

(b) When manganese is replaced hy chrominm the effect is 
still more pronounced. 

(c) The red-short range of iron, due to the prc.sence of copper, 
is removed hy either manganese or chrominm. 

(d) It is thought that there is some relation between this red- 
short range ainJ resistance to atmospheric corrosion, flased 
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upon this, the film or intergrain hypothesis is suggested to ex¬ 
plain the corrosion resistance of these alloys. 

These conclusions have caused considerable criticism; Aup- 
perle contends: 

(a) If sulfur is below o.oi per cent even 0.5 [)er cent copper 
will not cau.se red-shortness in the metal. 

(b) The manganese does not combine with ‘ ic copper. Man¬ 
ganese sulphide is formed and pro-''’ 0,056 !! 1 from red-short¬ 

ness. 

(c) t'broiniuin in amounts less than 0.5 per cent increases the 
rate of corrosion and in amounts from 0.5 per cent up to 35 
per cent practically eliminates corrosion altogether. .Silica has 
the same effect. 

Speller st.'ites with regard to steel, copper-steel, and iron 
pipes that oxygen is the depolarizing agent. On the inside of 
the pipe is ;i hirge proportion of water and a sintill amottnt of 
oxygen while on the otitside the conditions are reversed. The 
oxygen proportioti present seems to govern the relative rtites of 
corrosion of these materials. 

(’. 1 '. Ihtrgess and J. Ashton also describe corrosion tests 
made on alloys, in this case of electrolytic iron. The tests, which 
were run only on alloys that would readily forge into shape, gave 
the results shown in the following ttdde: 


Acid Corrosion / Atniosplicric Corrosion- 


Jilcclrolytii: Iroii .. 


G. per sq. 
dcm. 

1.30 

Lb. jK-r sq. I'l. 
per year 
0.1025 

Kg. per sq. 
nielcr per yr. 
0.499 

Aluuiiiium. 

Per Cent 
0.067 

0628 

O.MO 

0.513 


■ ■ i- 3 d 3 

0.760 

o.oSo 

0.39 

Arsenic. 

O.29J 

0.448 

0.083 

0.405 


.. 0.430 

0.815 

0.0703 

0.343 

. 

■. o.y5i 

0.405 

0.0870 

0-425 


.. I Sio 

0.131 

0.072 

0.352 


.. 3.862 

0.086 

0.064 

0.312 


.. 4.141 

0.102 

0.074 

0.361 

Culialt. 

■. 3.562 

0144 

0.06.! 

0.306 

.. I. 03 S 

0.705 

0.04') 

0.239 


. . 2.000 

1.02 

0.070 

0.342 


.. 4.055 

0.356 

0.042 

0.205 

Copper. 

.. 5.05^ 

0.257 

0.042 

0205 

.. 0.089 

0.178 

0.052 

0.254 


. . 0.202 

0.095 

0.039 

0.190 


. . 0.422 

0.059 

0.055 

0.268 


.. 0.592 

0 112 

0.050 

0.234 


. . 0.804 

0.104 

0.053 

0.259 


.. 1.006 

0.067 

0.046 

0.225 


.. 1.51 

0.147 

0.046 

0.225 


. . 2.005 

0.091 

0.051 

0-249 


.. 3.99 

0.093 

0.035 

0.171 


.. 5.0; 

0.0S7 

0.031 

0.151 


.. 0.16 

0.143 

0.041 

0.200 


• • 7.05 

0186 

0.033 

0.161 

Lead. 

.. 0.061 

1.30 

0.056 

0.273 
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Acid Corrosit^n 

e-Atniosphcric Corrosion— n 



(j. per sq. 

I.b. per .sq. ft. 

Kk. per .sq. 


I’er eiit 

(lem. 

per year 

meter per yr. 

Maiij^aru'sc. 

0.505 

0.56 

ii.'> 5 S 

0.268 


1.00 

0.52 

0080 

0-300 


J.OO 

0.725 

0.062 

0,302 


3.00 

i.n 

0.067 

(i .,!27 


10.410 

0.352 

0.089 

0.435 

Nickel. 

D.jy 

O.ft.t.t 

0059 

0.28K 


0.5b 

o-.Ti; 

0.071 

0.347 


1.07 

0.507 

0.058 

11.28,! 


1-03 

0. !(;_> 

0 023 

().! 12 


7-05 

O-.JJO 

0.038 

o.i8s 


8.t7 

0.125 

o.02<) 

0.141 


lo.jo 

O.OOl 

0.027 

0.132 

“ . 

i i.J(j 

0.123 

0027 

n,i,!2 


12.07 

0.081 

0.024 

0.117 


13.01 

0.237 

0.03 f 

0.1 SI 


lo.-^r 

0-07J 

fi.oiH 

0.08S 


22. r T 

0.0254 

0 ojo 

ii,oij8 


25.JU 

0.05.1 

0.023 

O.T 12 


26.40 

0.554 

0.(^2l 

0.102 

“ . 

2,S,42 

0-155 

0.021 

0.102 


35.00 

0.1 S.i 

0018 

0.088 

■' 

47.08 

0. I(H> 

0.0 i JO 

0,062 


75-00 

0.049 

o,r )044 

0.0215 

Si'lcniuni. 

0.017 

0. i<»o 

1). 14,85 

0,676 

SilicoTi. 

0-233 

I-03 

0 104 

0.509 


O.tio.t 

I.IO 

o.(> 7 () 

0.370 

“ 

1-033 

0.85 

0.106 

0,518 

‘‘ 

i.8i)7 

n.8o 

0.12.1 

o,0o6 


2.821) 

1.27 

0131 

0.635 

Silver. 

0.281 

1.02 

0.0(15 

‘» 3 I 7 

“ 

0.402 

1.70 

O.O(M) 

0.430 

“ 

0.5S 1 

J -34 

0.073 

<’.356 

“ . 

o.6()i 

1.17 

0.0()2 

0,450 

Till. 

0.288 

0.281 

o.oCx) 

0.337 

“ 

0,342 

0.350 

O.O3O 

O.IOO 


o.OXO 

0.380 

0.049 

0.230 

“ 

1.568 

1.03 

0058 

0.283 

1 Ull^steil. 

0.400 

"Ad 

O.O/f) 

0 . 37 ' 


O.025 

o.()88 

O.OOJ 

0.302 


■’..t.tt 

o.(j80 

0 of>2 

0.302 

“ 

3-553 

0.332 

O.OO3 

0.308 


5.082 

0.301 

o,o(»o 

0 . 2 (J 3 


.1.841) 

o-3o8 

o.o.jo 

0.195 


ij.t'ti 

0.305 

0 0 !<) 

0.239 

. 

23 . 8 (i() 

0.183 

■X’tl 

0.215 

Vari<»iis grades of low 

car))on 

roll and slee!. . 


0.300-1T73 

High Carbon Steel... 




0.278 

Cast iron — scale removed. 



0.770 


This work was criticized and tlic following' points brought 
out:—• 

(a) Tests llic results of which depend on re-weighing the 
spccinien are not reliahle. (A specimen rttsting more evenly 
and losing weight slowly all over its surface shows up worse 
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on weight records than another piece rusting and pit holing but „ 
not losing so much weight. Here is great danger of error!) 

(b) Manganese oxide, not metallic manganese, is a harmful 
constituent. Switches and frogs of the lioston trolley systern, 
made of manganese steel, remain bright after rain, whereas ordi¬ 
nary .steel rails rust rapidly. 

(c) lilectrolytic inm cannot be com])ared with other forms of 
metal owing to its hydrogen content. 

(d) These ])rnperties are due more to oxygen than to hydro- 
gen. 

(e) Once corrosion commences, rust .overbalances all other 
influences within the metal. 

(f) (Irg.'inic matter in water causes rust to take the form of 
an inn)enetrable tilm or lining and causes corrosion to cease within 
a few months. 

Corrosion tests were conducted by E. A. b'isher. City Engi¬ 
neer of Rochester, N. \on steel, wrought iron, ingot iron, 
and steel with known anajunts of co|>|)er, to determine the influ¬ 
ence of mill scale on the pitting of steel.^'" 

Finding that the usual accelerated tests were unreliable for 
this particular ])rol)lem, corrosion stimulated by electricity was 
employed. .Actual .service conditions were not reproduced, the 
currents used being much stronger than those .set up by galvanic 
action, though corrosion was enabled to take place in water and 
weak solutions such as are found in ])ipe lines carrying sewage, 
I’ossible differences in potential of mill scale to metal were in¬ 
vestigated as an index to jjitting and an index of corrosion uni¬ 
formity estalilisbeil, 'I'be actu.al immersion tests proved the 
theory to be correct inasmueb as the tendency to uniform cor¬ 
rosion varied with the inde.x of uniformity, 

'i'be obtained results indicated : 

(a) Mill .scale is an important factor in the formation of pits. 

(b) Wrought ir(.in h.is the tendency to pit less than steel. 

(e) Ingot iron is intermediate between the two, but resembles 

steel more nearly than it does wrought iron. 

(d) Steels containing cop|)c,r differ but slightly among them¬ 
selves, and from steel that contains no co])per, in their tendency 
to form pits. 

(e) 'I’o protect steel or ingot iron against failure by pitting 
the best remedy is the reTiioval of the mill scale. 

In a discussion of this paper the following points were brought 
out: 

(a) 'fhe nature of mill scale depends largely on the tempera¬ 
ture at which the metal is rolled, the amount of water used, the 
type of mill, the cooling, the use of salt, etc., so that unless 
the two classes of materials compared were rolled on the same 
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mill ami under the same conditions of heating, rolling, and 
cooling, a comparison cannot well he made. 

(b) I lie steel had a black scale and the iron one of reddish 
brown. I he latter might have heen due to water running over 
the rolls at time of rolling so that it could not be considered 
a regular characteristic of the melal. 

(c) Actual durability under hard .service is a better indicator 
than exjicrimenls in the laboratory. ,\n instance was given of 
two conduits supplying the city reservoirs of Rochester, one of 
wrought iron .and tiic other of steel. .After _>5 years' seriiee the 
wrotight iron conduit showed si,\ or seven letdss. .After 15 years' 
service the steel conduit showed itio rust holes and 450 additional 
ones had appeared to date (npa). 

I he effect of coal gas on the corrosion of wrought iron [lipe 
buried in the etirth is described by Diulley. llis tests .show that 
in etirth alone the corrosion was appro.ximately twice as rapid 
as in earth saturated with coal gas.’'' 

1 he shei'ardizing |)roct‘SS is a method of dry gaKanizing in 
which iron or steel tirticles are coated with zinc bv being heated 
in zinc dust in closed rece|)tacles; it is neither iiractical, nor use¬ 
ful, for the coaling of other mends. .\ thorough investigation 
of the resist.ince of the coating to corrosion seems to justify the 
following conclusions: 

(a) It resists atmos])heric corr(,ision two or three times as 
well as does ordin.ary galvanizing of the s.ame thickness. 

(b) In strucinnd work, in which bare iron anil galv.inized sur¬ 
faces are often in contact, a sherardized surface has over live 
times the life of a galvtinized surface. 

(c) Fhe lile of ,a well sherardized machine useil outiloors is 
practically as long as th;it of the nnichine when ti.sed indoors. 

(d) 'Fhe life of the coaling is much improved by dipping it 
in a weak solulion of |),araftin in pelrolenm. 

(c) l.i(|nid.s act on the coating more than gases. 

( f) Sherardized iron will rnitlast galvanized iron in nearly 
neutral li(|uids. 

(g) The electric potential of the dej)osit ' nearer that of iron 
th;in it is that of |)ure zinc and th.al [lart of the co.ating which 
is closest to the surface is still nearer tli.at of iron. Tims, the 
action of ai'id lii|Uor u])on the di’posit is selei.live, the thicker de- 
])osits being atl.acked first. The life of thi' coatiiig in acid de¬ 
pends on the .amount of zinc |)resent and local action is largely 
alxscnt. The solution takes ])lace .at a very even rate. 

The effect of the process on tensile strength is determined by 
the entire removal of .all inechanic.al stresses, atid con.se(|Ucntly 
of any weakness or strength due to them. In the ca.se of wire 
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and sheet this strength can he returned after sherardizing by 
drawing or rolling at tlie proper temperatures. Tlie ])roccss dis¬ 
tinctly improves the strength of chain and forged materials by 
removing the irregular stresses produced iu forgings. 

Nickel plated iron is satisfactory indoors but rusts outdoors, 
as does bra.ss plated steel u.sed for cheap builders’ hardware. 
Extensive commercial demand exists for duralilc brass plate on 
steel.'*^' According to Metal Industry: “An electro-deposit 

of zinc on steel or iron is the only one that will withstand atmos¬ 
pheric conditions for any length of time,and a demand is now 
iieing made for hardware that has received an electro-deposit of 
zinc before being plated with any other material for ornamental 
purposes, such as nickel, copper, brass or bronze. This double 
coating gives good service and is the only satisfactory one for 
hardware wdiich is e.xjKjsed to the w'cathcr.” 

This method is also used in manufacture of corset “steels’’ 
w'hich are plated first with zinc and then with tin or nickel. 

Zinc covered iron or galvanized iron possesses the advantage 
that if a hole forms, a cell is formed between coating .and iron. 
Zinc alone being electropositive to iron, the iron acts as cathode 
and is protected from corrosion. 

Sicdler states that galvanized iron is de.stroyed very actively 
by acid va|)or.s, and emphasizes the part ])laycd by soot as a 
catalyst, (ialvanized iron appeared tlie most suitable material 
for floats used in the float vtdvcs wdiich regulate the How of 
acid sludges. I Ialvanized iron, wrought iron and coiiper were 
immersed in oil at ordinary mill temperatures. 

Data follow on the corrosion of various metals by a numljcr 
of different reagents, but two ob.servations on the corrosion of 
iron may be noted here. In a synthetic phenol plant crude |jhenol 
mother lujuors, consisting of a concentrated solution of sodium 
sulfate aud bisulfite saturated with iihcnol and containing some 
.suspended phenol, dissolved cast iron at 25" at a rate of 2.8 g. 
per sq. m. per liour,'"' Iron pipes laid in clays rich in calcium sul¬ 
fate arc especially ])rone to corrosion owing to the increased acidity 
of the water caused by a series of ionic re,actions. According 
to Mcdinger tbe relatively large amount of calcium ion, Ca ', 
due to dissolved CaSOi represses the ionization of calcium bi¬ 
carbonate, always jircsent in w'ater in lime soils, and thus reduces 
the concentration of Iiicarbonate ion, IltfO,', produced in the 
reaction 

Ca(HCOa)=-> Ca '-f 2H(:f:)/. 

Since there is always carbonic .acid present in water exposed to 
the carlion dioxide of the air, the decrease in the concentration 
of bicarbonate iron cau.ses an increase in the concentration of 
the hydrogen ion formed in the reaction 

II,CO;, - 11 1 net):,' 

and thus increases the acidity of the water.“'’ 
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Storage tanks for ainnioiiimn nitrate solutions were formerly 
made of wood, but boiler plate tanks have been substituted be¬ 
cause of their greater durability in spite of their nistiiif;; the 
rust suspended in the solution has, in fact, a certain advantage 
in that it tends to neutralize any acidity that may develop in 
the course of storage or use. Ammonium nitrate solntions con¬ 
taining much ammonium chloride corrode wrought iron and steel 
strongly, but cast iron is snflicienlly resistant for use with such 
solutions.'’^ 

'I’hc action of a number of corrosive solutions on a commercial 
ferro-silicon alloy is shown in the following table:'' 


.Soliilioii Loss 

Salt Strcngtli Temp. K/m’/lir 

Ik r Cent 

Copper sulfate. 17 Room o.oooi 

“ “ . <<7 80 85" C. o.oo.yi 

Ferric sulfate. Salurateil Room o.orxis 

l''errous chloride. Room 0.0.144 

Sodium chloride. it) 80'^ Mom* 


From another test of 120 days’ duration the following data 
arc taken showing corrosion in terms of dejith in centimeters per 
year. 


Solution 

J5',i (:u.S(),.sll.,() 

27'/r Nll.CI. 

48 Ve Fe-Cl. 

Hy'/o ltd'0.1. 


Iteiitii of tJ).)rrosion 

.. . 0.00<)OS(>() 

248 

100 

0477 


'I'he non-corroding steel mentioned tibove.mtitnil.ictttred by 
the Crucible .Steel Co., is stiid to be etitirely unafl'ectetl by 20 
per cent silver nitiaite sohition, 1 : 1000 mercuric chloride, boil¬ 
ing liqitid air and water stitttrated with carbon dioxide. It is 
discolored slightly by sattir.ated salt sohtlions, sotuewhat attacked 
by saturated alum, and :itt;icked by sodium cyanide one-third 
as readily as wrotight iron or eopiier. Its cotnparativc resistatice 
to sctilitig is shown iti tlie table that follow 


Comparative Resistances to Scalinn 
tirade 2. 

3 . 

4 . 

“ 5 . 

Monel Metal. 

<)S'/o Nickel. 

lligh Cr, Ni .Steel . 

Grade A Steel. 

High Cr Steel . 

Copper Steel. 


t-oss Gain 

None 4.8 mg. 

4.0 ■ 

0.3 None 

.None 

338- 

15. AdluTcnl .scale 

57-1 

None 1.2 

5 -’ 0.5 

</>7'4 


Copper will not plate on it in either neutral or acid solution 
of copper .sul])h;ite at room or at boilitig tempcrattires. It 
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suffered no loss after iininersion for 24 hours in water through 
which oxygen was huhhling. A similar test using wrought iron 
and Monel metal showed a loss of 7. jo and 0.77 mg. respectively. 

Commercially Pure Iron. —Sam|)les of commercially pure iron 
were comparecl with sam|)les of steel in tests (jf their resistance 
to corrosion hy ammonium chloride, magnesium chloride, alumi¬ 
num sulfate and ammonium nitrate. The analysis of the samples 
gave the following results: 

AN.ALVSIS Oh SAMl'Lh.S 
Per Cents 



s 

p 

c 

Mil 

Cii 

Coninicrcially pure iron in— 

amnioniutn cliloricU*. 

. O.OJO 

0.007 

0.010 

0.0J5 

0.078 

niaj^ncsiiini “ . 

. O.OJO 

O.(K )0 

0.010 

0.018 

0 .U 2 O 

ahiniininn sulfate. 

O.OIS 

0.006 

0.010 

0.0 ij 

0.018 

animoiiium nitrate. 

. (J.llji) 

o.O(Ki 

0.010 

O.O.M 

0.040 

Steel in— 

aininonnnn chloride. 

. (>.(iJ5 

0.004 

0.050 

n.j8o 

0.200 

iiiaKnesiuni “ . 

• 0.0^5 

0.013 

0.080 

0.400 

0.281 

aUiminuni sulfate. 

. o.o.)8 

0.077 

0.140 

o.jHS 


ainmoniiini nitrate. 

- 0.04.^ 

0,077 

0.100 

0.280 

0.248 


ACTION OK .SALT 

SOI.UTJONS AT 

ROOM 

Tlt.MI’ERATURli 



Coucen- 






tration ' 


'i'lital 

.VveraRc 



T'ci- 

1 )uration, 

L'«.ss, 

l.dSS, 


Salt 

Cent 

] )ays 

K/nt' 

K/mVhour 

Commercially pure iren 

NH.Cl 

3 

420 

1 181 

0.102 


MkCI, 

5 

420 

20(> 

0.020 


AIaSOi) 

.1 20 

12 

21-4 

0.074 


Nil,NO, 

3 

101 

2665 

( 1.581 

Slvvl. 

NII.Cl 

3 

420 

I3,i7 

0.132 


MgCl, 

.s 

4J0 

2594 

0.026 


A],(SO,), 20 

12 

1782 

6,18 


NH.NO, 

3 

191 

4K81 

1.06 


There is a remarkable difference in the behavior of the two 
metals towards aluminum sulftilc, and a less marked dilfcrence 
with ammonium nitrate: in all four cases the pure iron showed 
some superiority. 

The conditions which favor the corrosion of tilumintim arc 
different from those which favor the corrosion of iron both 
because of the different chemical characteristics of alun.iinum and 
because of the different common impurities of the two metals. 
Conductivity water (that is, distilled waiter of the highe.st purity) 
reacts with, ordinary aluminum, co.ating it with a yellow film and 
dissolving some of the metal colloidally. At 100“ this reaction 
appears in several hours, hut tit room temperature is observable 
in about three months. 'I'lie layer contains ,'\l(()llALOj, 
a little iron, and probably silicon; hydrogen is evolved in ap¬ 
preciable quantities. No action is oh.servahle with pure aluminum, 
which in the experiments had the following composition: 
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Pcv (\iU 

A1 . c)c),37 

I'c . n.('7o 

Si . 

C'a . I'rua-s 

Na . o.()3() 

but if a piece of polished iron was inuiierscd in the water durinja 
the action, a black layer of oxides of iron and ahnninuni was 
deposited on tbe aluniiiunn. An alloy containing 14.4P per cent 
Fe behaved in tbe same way except that the layer was cbielly 
ironp- 

As might be expected, sodium in ainniinnm increases its tend¬ 
ency to corrosion by water. In sea water an .alloy containiTig 
to per cent be has only ^7 the resistance to corrosion of alumi¬ 
num alone; tbe ,ad<lition (d’ 1.5 per cent tungsten iinpiaixed this 
slightly, but the substitution of nickel or cob,alt for |)arl of 
tbe iron lessened tbe resisl.ances'' I'be walue of pure almniniun 
has been recognized in brewing, where nearly .all trouble due 
to corrosion of aluminum \ats has been eliminated by tbe use 
of metal of liigdi purity.'" 

Aluminum br(.)nze, coul.aining 512 |)er cent Al, is easily fusible, 
and lias mechanical and chemical resistance surpassing all other 
bronzes.^'’ 

’I’hc widespread use of tin as a coaling lor iron in tin |)l;ite 
is due to its resistance to corrosion umler ordinary atmospluaac 
conditions, but, as explained abo\(‘, it has tbe disailvantage that 
where once the coating has been ileslroyed at any point, the corro¬ 
sion of tbe iron is increa.sed. 1 )n account of its textended use in 
containers as w ell as in chemical appar.atns, .'i know ledge of the be¬ 
havior of tin towards ph.arinaeentical elKinicals is of importance. 
If tin tubes are boiled in water. I per cent sodium chloride, or 0.5 
(icr cent phenol, some of the met.'d is colloidally dissolved, but 
when the tubes are not in contact, the following solutions dis¬ 
solve none of it: distilled water, 1 per cent sodium chloride, or 
0.5 jier cent phenol, 1 per cent m()r|ibinc hydrochloride, o.oi per 
cent atropine sulfate, 0.1 per cent cocaine hydrochloride, 5 tier 
cent sodium cacodyl.ale, 0.1 per cent strychnine nitrate. 25 per 
cent calTeine-sodiuin benzoate, jo per cint carfeine-sodiiun salic¬ 
ylate, Di.galcnc, l per cent novocaiue with or without |)henol. 
No tin is dissoU'cd bv distilled water at s"" 1 .sO ’ it there is no 
rubhing of the tin. 0.35 per cent solution of .VaA I.\s( ),.7llA ) 
dissolves some tin.'"' 

Copper is not acted on by w.'iler alone nor by dry oxygen, 
but ill moist air it is attacked with the forni.ation of cuprous 
oxide and a green basic carbonate. In sea waterCui(C)H),;('C. IFO 
is formed.' 

Sodium nitrite ( NaNO:,.) .solutions saturated wdth carbon di¬ 
oxide (C-Oj) react with copper, some of the products being NO, 
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N;() and NriNO;;. Ivon acts similarly, and cobalt forms 
(..'oNalNO,),.'' 

11. If. Cnrrv " invostif^atcd the corrosion of bronzes very 
thoroiigbly. 'J’hc test pieces were made front very i>ure electro¬ 
lytic copper and yo.99 l>cr cent tin, melted and cast in graphite, 
8.5 cm. long and 0.8 cm. in diameter. 

In a jter cent solution of .sodium persulfate, the tend¬ 
ency is to dissolve tin, and so the effect varies according to the 
phases present in tin bronze alloys. Shepherd :uid Bloitgh 
have shown that live solid phases occur in bronzes annealed be¬ 
tween 200 and -too". I'h-om too iter cent to 87 per cent copper 
exists a series of solid ,-olution.s- the a crystals: from 87 per 
cent to 74.5 per cent, the alloys consist of mixtures of copper 
and ft crystals, another series of solid solutions, b'rom 74.5 
|)er cent to 67 per cent, the h crystals (which Ileycock and 
Neville^" thought to be the compound Cip-Sn) and between 67 
[ler cent and O1.3 |)er cent mixtures of h crystals with the c<im- 
pound Cus.Sn, which occurs pure at (>1.3 per cent copper. From 
(>1.3 per cent to 41 per cent (iUj.Su ;md f, crystals, another .scries 
of solid .solutions, coe.xist; from .(i per cent to 40 per cent 
E crystals alone, and finally, from 40 ])er cent on mixtures of 
K crystals and pure Sn.), In the [)ersulfatc corrosion tc.sts the 
1)5 per cent piece was eaten out in deep holes, the surface remain¬ 
ing clean, bright and free from oxide. The ()o per cent piece 
w;is less affected, the surface being only slightly pitted, 'fhe 
85 per cent and 65 per cent jiicces were tin-rich on the surface, 
fhe 65 i)cr cent and 50 per cent iiieces were coaled with o.xide 
but only slightly corroded, 'fhe 25 per cent pieces were ,se\'crcly 
pitted, 'J'he quantitative resulls were: 

20 I'HR CfXT .SODlf.M SOU TlOX 


Per Cent Cii 

Corrosion in 

(i. Cii 

l\r Cent Cki 

in Test I’ieee 

(i. 

Cornnk'd 

(.'oroKiffl 

95 


5 ■9490 

94-9 

90 

().929g 

n.5Cl5 

90.2 

Ho 

0.2748 

0.2617 

95*-' 

('5 

0.0664 

0.0620 

95-4 

5'» 

0.0085 

0.0060 

705 

^5 

0.1256 

o.(mk)H 

7-8 


Another series of tc.sts was made with a 20 per cent soluti(jn 
of sodium persulfate made strongly alkaline with cau.stic soda. 
The test-pieces were allowed to stand in the solutions for, six¬ 
teen days. The data are given in the followdng table: 

20 PER CJiN'T SODIUM I’EKStlLFATP, -b IkVCESS NaOll 


for Cent Uii 

Uorro.sion 

(.i. Cn 

Per CciU tin 

in Test 

in (f. 

Corroded 

Corroded 

95 

24075 

2.3038 

95.2 

90 

1-5424 

1-3924 

90.3 

80 

0.082Q 

0.074C 

yo.o 

65 

0.0063 

0.0047 

74-6 

25 

1.6478 

0.25.58 

15-5 
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In a 7 p6i' '"eiit sodium cliloridi' solulion, agitated with air 
continuously for from 5 to i) weeks it was found that corrosion 
was rekitivedy li.ltht, the crystals dissolviti” most rapidly. I lie fol¬ 
lowing ttihle gives the (ju;uitit;itive dat;i: 


7 PKk C 

■KNT SOJ)IUM 

CI11,()RIJ)|- 

SOLU'i'lON 

Vr Cent Cii 

Ctirnihiiou 

C. ( 'll 

J'er Cent Cu 

ill 'I'esL 

in (i. 

Corroded 

Corroded 

'>5 

•095-i 

.0()1() 

06.0 


■<> 5 M 

.0480 

88.2 

70 


.04<)0 

f«J .4 


.(1450 


05.8 

60 

.0400 

,0240 

<K).J 

50 

.04 jn 

.0120 

5i.<' 

-’5 

.046(1 


6.0 


(,urry rtiti electrolytic corrosion tests with the stune sohttions 
tuid found that the resitlls contonn closely to those for chemical 
corrosion, excejit th;tt iti every case tin: time is shorter. 'I'his 
fits into the general electrolytic theory of corrosion very nicely 
atid C tirry s electrolytic results tire likely to he good indications 
of the resistivity to clumiical coi'i'osion of the V'arioits hrotizits. 
According to these resttits hronzes with less than 40 per cent 
copper corrode rapidly in dihtte nitrate sohttions, hut a hronze 
with 75 ])cr cetit tin (tihuost pure h crysttils) forms a pro¬ 
tecting film and corrodes very slowly, llron/es with from 70 
jier cent to 40 jier cent cojiper do not corrode in stilfate solu¬ 
tions. With less th.'in 40 per cent co|)|H r till the bronzes corrode 
in sulfate solutions. Hronzes with appro.simatcK jier cetit 
copper resist aceltite solutions well; low cop|.ier hronzes less 
well, '.kite 15 |)er cent copjier hronze corrodes three times as 
fast as the 45 per cent copper. The hronzes do not corrode 
:it all in carhonate solutions, Curry says "It is quite evident 
that the greeti carbonate th;it forms oti the surface of hronze 
exposed to the air mitst first dissolve as some other stilt which 
is afterwards changed to a carbonate." .All hronzes corrode 
in alkaline ttirtrate solutiotis, ami in acid oxalate sohttions. 

The above results nntst not he ltdven as being more than in¬ 
dications from a prticlical chemical engineering viewpoint, since 
wherever the resistivity is dtte to lilm formation, corrosion will 
obviously proceed more ra]iidly in a part of a mtichitie, for ex¬ 
ample, than in :i tank, and more rapiilly in either than in a test 
piece. 

A large condenser innnp that had to withstand the corrosive 
action of sitlfur water was cast of a cojiper alloy contaitiing 

Per (fent 


Cu . 7C 

I’l) . j 4 

Sn. 8.S 

. 1-5 
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'I'lie weight of tlie finished casting was yHot'i ll)s.; the pump 
was designed to operate against a i)ressure of lbs. per sq. in.®* 
/\ corrosion-resistant alloy with a lead base, called Frary metal, 
has recently been put on the market by the United Lead Com¬ 
pany. Its composition is 

Per t Vnt 


Pb . (;8 

Ca .. 1.2 

I ’>a. 0.7 

llg . o. 1-0.2 


It is harder than lead, its I’rinnell number being 20-30, but is 
not brittle, and it has a tensile strength of 13,000 lbs.' 

Pure distilled A\'ater was used in a series ol e\|)erinients 
on lead, steel, copper, zinc, tin, and siUer. 'I'hin sheets of the 
metals were iniincrsed in twice distilled water contained in 
Jena glass Masks, :ind obseiwations in.ade of the change in con¬ 
ductivity of the water, loss in wei,ght of the metal and change 
in_ appetiraiice of the metal surfaces. 'I'here was no corrosion 
of titi or silver; steel was considerably corroded but the water 
in wdiich it wtis showed little increase in conducli\ ity; the water 
in wdiich the zinc was inmiersed showed the greatest increase 
in conductivity, and the conductivity increased at a greater rate 
the last ten than the iirst twenty days of the thirty days of the 
test. 

Water used repeatedly in sugar ])lants becomes strongly acid 
and strongly etches iron apparatus with which it conies in con¬ 
tact. Com|iarati\e tests made with wafer having an acid con¬ 
tent e(|ui\alent to ,3.,3 c.c. o.i normal Nhittll solution per liter 
showed that its action on brass tind iron was respectively 1.176 
and times its tiction on bronze, .\t ])re\'ailing |)re-war jirices 
it was 21 times as expensive to u.se iron as bronze in the ap[);iratus 
in (luestioii.""’ 

.Monel met.al proved in one .series of corrosion tests to be aliottt 
equal in resisttince to jihosphor-, 'I'obin and mangtiiiese bronzes, 
but w:is superior to these in ap|iear;ince at the end of the test. 
The metal sttnijiles were buried for six months in ground wdiich 
was wetted jieriodically with dilute corrosive .salt solutions. The 
losses in weight were:'" 


]\t Cent 


.\liiiitz metal. 

Idiospluir-ln'onze ...... o.on 

Tuhin bronze. o.Il 


Per Cent 


Monel metal. 0.12 

Manganese bronze.... 0.12 
■Steel. 1.04 


Analyses of Monel metal range m general as follows: nickel, 
66-70 per cent; copper 23-28 |ier cent.'*® 

Monel metal takes and retains tt finish almost identical with 
that of pure nickel and is for this reason much used for small 
fittings, trimmings and stampings, for golf-club heads and for 












OTHliR ACIDS AM) MliTAl.S 


8 y 

table cutlery. 'I'liis jjropcrty in conjunction with its resistance 
to corrosion by substances used in preparation of foods and in 
washing have made it valuable for the construction of certain 
coolsing utensils atid for washing tanks, cream sejiarator ma¬ 
chinery, etc. 

I’ccause of its relative incorrodibility it has been used to some 
extent for rooting materials, d'lie roof of the I'ennsylvania 
d'erminal in New York City is s-overed with Monel metal sheet, 
selected because of its suiieriority over other rooting materials 
demonstrated during ;i ten-year test. It is also used lor window 
screens for the same reason. 

I loth rods and castings are used to a large e.xti'iit in the manu¬ 
facture of pumjxs, pum|) liners, rods, valves, etc., for h.andling 
sea water, mine waters and ticid and alkaline corrosive solutions 
generally. 

d he resistance of the alloy to steam erosion and its strength 
at high tem|)eratnres. which seems to he higher th.an that of the 
steels or bronzes, have c.au.sed its extensive application in the 
jjroduction of steam pressure valves ;md steam turbine blading. 
J''or these purposes it is well suited by further reason of the 
fact that its thermal ex|)ansivily is ap])ro.\im,ately e(|ual to th.at 
of steel, with which it is usually associtiled in such construction. 

Marine propellers h;i\e been c.ist of Monel metal. In con¬ 
nection with its tiuile widespread use in nav.al construction it 
may be recalled that the steam yacht .Se.a-t'all was covered with 
.Monel metal sheathing, in this ]>,articular case unsuccessfidly, 
for the reason th.at the galvtinic .action between it and the e.x- 
|)used steel p.arts of the hull caused acciaerated corrosion of the 
latter. 

.Monel metal is remarkably resistant to oxidation even at high 
tem])eratures (750“ C.) and is used for electric.al resistance 
and spark-plug wire and other |iarls exposed to high tempera¬ 
tures. Monel metal is made up into screens of various tvjies, 
into filter cloth for corrosive li(|uids, .and into screw machine 
products of all kinds.'’^' 

Monel metal resists well the corrosive action of sea water, 
solutions of alum, many neutral sulfates and chlorides, and many 
technical solutions such as thcjse of photo,graphic chemic.als. It 
resists ferrous sulfate fairly well, but not ferrit chloriile nor 
fused or dissolved potassium cyanide. 

The behavior of stellite (see p, ,sg) t<iwards .some salt solu¬ 
tions is shown in the table on page yo."’" 

Heating the solutions to boiling did not increase the action of 
mercuric chloride nor of silver nitrate, but it did increase the 
action of potassium pertnangan.ite and it increased the deposit 
of copper by co])i)er sulfate on the first two samples of the table. 

The action of dilute .solutions of three s.alts, a liich are slightiy 
acid in solution owing to hydrtjlysis, on eight met.als is given in 
the following table; the antilyses of the metals and a description 



ACTIOX OF SALT SOLI TIOXS OX STELLITE 
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of the exi)erinient;il conditions have lieen qi\x>n above® (p|i. 
2y and 48) : 


ACTION OF 0.2 N SAT/r SOI.U t'lONS 
ON MlCI'At.S AT 17-..C)' 

I.OSS JN (iRAMS I'J.H Sqi'AliK, MkiKU I'll! lloill 


. 1 . .tilidii of y_, lilrr S(>liilion 

rciit'Wi'd doily for 

7 days. 

•MOal 

Mk(T 

OiCh 

NaCI 

Zine . 

11.57 

0.21 

o.of* 

( ast iron. 

o.=;i 

0.12 

o.o(> 

Wrought iron. 

0.^1 

o.iS 

0.1 5 

Aluminum . 

O.IO 

0.03 

0.00 

r.cad . 

".33 

0.24 

O.OI 

C.opper . 

0.15 

0.1 2 

0 (It 

Tin . 

O.IO 

o.iiS 

0.00 

Nickel . 

0.03 

0.05 

0.00 

/C dctlOll of y liti )' Si>!ulio)l 

for 2.N’ doy.s 

^ not n 

.■nr'iKi'd. 

.Mel.il 

.MkIT 

(aCh 

.Natl 

Zinc . 

0.04 

0.03 

0.03 

(. a.st iron.. 

0,07 

0.03 

0.04 

\\ rougbt iron. 

0.06 

0.04 

0.04 

.Aluminum . 

0.02 

o.oo 

0.00 

Lead . 

(.>.02 

0.02 

O.OI 

Copiier. 

0.01 

O.OI 

0.00 

1 in. 

0.01 

0.01 

O.OI 

Nickel . 

O.OI 

O.OI 

0.00 
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IV. Acids and N'on-Mctallic Materials. 


'I'o CDver cxluiii.stivcly all iho knciwii rearficiiis hrtwccii aoiils 
and iKm-nictaliic industrial nr ciiitiiiccrinf; in.'ilerials is itntsidc 
tlic ran;,'C‘ of this book; instead of this, an attempt will he made 
to present .some of the eteneral characteristics of the more im¬ 
portant materials toftether with such specific data as are at the 
•stinie time a\:iilahle and ttseful. 

I'he materials cominpf under this heading' may he conveniently 
divided into two general t;roti])s which have very dissimilar 
characteristics; inorganic materials, like concrete and stone; or- 
tjanic mtiterials like wood, rnhher, cloth of different lihcrs, etc. 
d'he tittack of acids on materials heloni,dn,t; to the inorf;.inic ttrotip 
is ttsnallv an ionic reaction residtin^ in the solution of some in¬ 
gredient necessary to the strength of the material, as, for e.\- 
am])le, the solution of lime stone in an acid ; 

(.'aC( h I all- Ts fa ■ f 1 k,( ) -| 

( )n the seconil class, i. e. organic materials, the attack may he 
;is various in kind as are the mati-rials.—a hyilrolysis, dehydra¬ 
tion, oxidation, nitration, sulfonation, etc. 

Concrete and Cement. 

I’orlland cement and, therefore, concrete made from it, thottgh 
fairly resistant to alkalies, are re.adilv attacked hy strong aciils, 
and the continneil ;iction of wrv dihitc sohttions of acids has 
in time a deleteriotis effect ; even weak acids .and water rich in 
carhon dio.xide are harmful. 

In the case of sulfttric acid the destruction of the cement 
is dtie to the formation of calcitim sulfate, which m.'iv he hy- 
drateil (( a.St .-d l._.( )) ; the vohime ch.anges invoKcd in the 
crystallization of this suhstance c.anse a hlistering or crackinif of 
the cement especially if it is mi.xed with san k Neat cement may 
hccome incrtisted with ,a iirolective coating of calcitim sttlfate 
owing to its origin.illy smaller |iermeahility.' Klast furnace 
slag cements are more I'esistant to dihite ( i i.,s tier cent) sul¬ 
furic acid, while iron-])ortland cenients are less resistant than 
orditiary portland cement. 

A correspotidcnt in Concrete '' relates an experience with two 
concrete tanks 2 ft. wide, ,5 ft. long, ICt fb dee]) with 4 in. 
reinforced sides and bottom, mixture 1 :2; 4, used to contaiti 
16 |)er cent sulfttric acid. .\l end of 7 davs it was noted that 
surface was bli.stcred and .acid had eaten into the conc-ctc in 

9,3 
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spots to a depth of ^ in. 'the second tank of tlie same design » 
was lined witli pure cement }i in. deep. At the end of 5 days 
tlie tank was badly scarred and the cement was eaten into in. 
in places. A layer of precipitated calcinm sniphate 2 in. thick 
was formed. 

Idle action of sulfate solutions, e. g. sodium and magnesium 
sulfates, is similar to that of dilute sulfuric acid. In e.xperi- 
ments vvdiere two portland and one hinst-lurnace slag cement 
were kept immersed in sodium and magnesium sulfate solu¬ 
tions of 0.1-20 per cent concentration, the slag cement was more 
resistant. In the more concentrated solutiisss the destiaiction was 
chielly due to the formation of gapsum.- 

.\cids that form soltihle salts with lime are even more de¬ 
structive since they leach out part of the lime content of the 
cement or concrete. 'I'lie action of water rich in earlion dio.xide 
is slow on ticconnt of the e.xireme weakness of carhoiiic acid, 
htit it does nevertheless have the ellect of removing lime as the 
sohthic salt C al l..( CO,,) j,'' and organic acids act in mtich the 
same way, though not necessarilv forming a so-called acid salt. 

I he failure of the concrete of sewers has heen attriliuted in¬ 
directly to the action of hydrogen sullide produced hy decaying 
organic matter: this is oxidized by the o.xygen of the air to 
sulftiric acid, the slow action of which in small amounts cattses 
the damage. 

1 : 1 . J. M. Creighton has described c.xainples of failures in re¬ 
inforced concrete dtte to the corrosion of iron reinforcements 
hy brine, and disctissed the prohalile reactions which occur when 
iron comes in contact with a salt siiintion. h'njm results of his 
investigations he concludes: 

(t) All concrete which is not wateriiroofed in some way is 
more or less porous to water and brine. 

(2) Ifrine raiiidly softens the surface of coiua'ete, and there¬ 
fore, more easily penetrates to the reinforcements on which it 
exerts a disintegrating action that, owing to the attendant ex¬ 
pansion gradually we.akens the concrete, causing it to crack and 
split and in some cases to fall away from the reinforcements. 

(3) 'I'lie more porous the concrete the more rapid the dis¬ 
integration of the reinforcements tlirough the action of the brine. 

(4) Reinforced concrete floors which come in contact with 
brine will gradtially develop leaks. 'I'liis will lie followed hy 
incrtistations of discolored salt on the underside, where, later, 
iron stained luiir cracks will develop running parallel to the 
reinforcements. As deterioration progresses the cracks will 
widen, and, owing to the great expansive force of the accumu¬ 
lating iron oxide, the concrete w'ill he gradttally [luslied from the 
corroded reinforcements and tiltimately f.all. 

(31 'I'lie permanence and diirahility of reinforced concrete in 
contact with sea water is a mattei of considerable doubt unless 
the sea water is prevented from coming in contact with the re- 
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inforcements. Such prevention may he effected by coating the 
reinforcements witli protective paints or by ap])lying to tlie outer 
surface of the concrete some material which will render it water¬ 
proof. Most of the sulistances used for this purpose are not 
satisfactory and it is suggested tliat a coating of the concrete 
witli a very thin layer of metal by means of the .Schoop Metal 
Spraying Process might be beneficial. 

Concrete tanks for photogra|ihic solutions are said to be en¬ 
tirely .satisfactory wdien coated with any good commercial water- 
and-acid-])ruof paint of as])baltic nature.-" Concrete without such 
a coating will not stand photogra[)bic solutions, the sulphites iiar- 
ticularly affecting ])ortland cement. Paraffin coatings arc unsuc¬ 
cessful. The I'.astman Kodak Companv tind concrete tanks sat¬ 
isfactory. made as follows: Rich mortar is applied to fd in. gal¬ 
vanized iron mesh, finished smooth insifle. lined with waterproof 
ptiper and then coated with aspb.alt |iaint.-' 

■Sugar .solutions of 20 per cent sugar content in contact with 
concrete dissoKe iron, ahmiimim and calcium from the concrete 
and become discolored, a fact wbicb makes the ii.se of concrete 
for the handling of such solutions of (|uestioTUible value, es- 
jtecially when the solutions remain for a considerable time in 
contact with the concrete: molasses beha\’es in the same way. 
tilycerol behaves similarly towards the tilumimim and calcium 
but does not affect the iron. 

According to the same author gas liiptors containing ammonium 
sulfide attack concrete unless air is excluded, the stilfide forming 
ferrous sulllde with the iron of the concrete, which is oxidized 
to ferric sulfate.' 

Concrete may be protected in m.any ways: a detailed considera¬ 
tion of these wdll be found in Cba|iter Vlll, but they may lie sum¬ 
marized here as follows: 1. ^lcmbrane method: tar, asphalt, 
etc., applied in conjtinction with membranes of felt, burlap, etc. 
2. llrusli application of neutral hydrocarbons. llrush appli¬ 
cation of an acid resin which forms insoluble resin soaps with 
the lime of the concrete integral with its surfttee. 4. Addition 
of not more than 2 per cent dry |)owdcr to incretise density 
of concrete. 5. /\p|ilication of a brush coating or spray of a 
silico fluoride which precipitates an oil- a..d waterproof de¬ 
posit of silica in interstices, ti. Co.iting with two solutions that 
react to form a precipitate in interstices udiich prevents pene¬ 
tration and attack by corrosive liijuids.* 

d'he Trus-Con I.aboratories, Detroit, state that it is impossible 
to incorporate any material with concrete to render it acid-re¬ 
sistant. .\ perfect coating is necessary. They use a mi.xture of 
synthetic resins called Raracide. 

Meremastic * enamel or a Mexican blown asphalt [obtained 
from Ik S. .Asphalt Refining Co., Raltimore] of melting point 
250-300° bk has been used sticce.'^sfully. .A priming soluiion is 
* Waile.s-Dovc-Hcrniistoii Co., New York. 
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supplied with the Mereniastic enamel. For the blown asphalt 
a priniiii}^ solution is made by dissolving a portion of the asphalt 
in benzol and thinning with turpentine substitute to thick paint 
consistency. Apj)ly with an ordinary paint Iwusb. When dry, 
but still sticky, apply the enamel. This will stand iG i)er cent 
sidphuric acid or 20 per cent alkali at any temperature and 30 
per cent alkali at room temperature. 

Minbrite Mastic * 1,4 in. thick in channels where li([uid is in 
motion to Vic, i'l- i>' basins or tanks, has given e.Kcellent service. 
It can be applied cold, and over wet surfffees ; it remains plastic 
when cold. It resisted hot conccntr.ated nitric acid several months 
before being affected at all, and weak cold acids seem to have 
no effect. 

Bricks, Tiles and Stoneware. 

It follows from the above that floors and other structural parts 
likely to be exposed to the constant action of acids, as for ex¬ 
ample under wooden tanks cont.iining and solutions, should 
cither not be of concrete or should be protected by some acid- 
proof material. .Acid-proof tile lloors are excellent. 



Courtesy Chemical Coustruction Company 

I'lo. 12.—Example of Acid-proof Masonry Using .Acid proof P.rick and 
Acid-proof “Acipruf” Cement. 

•mr-xcL . 7 . ■■ 

The best acid-proof bricks are said to be of volvic lava,* 
and next to these comes so-called “chemical brick.” This can 
be laid with a mortar of asbestos powder, .sodium silicate and a 
filler like barytes, or floor tiles may be laid in molten sulfur. 
This is set by a preliminary treatment before use with acid, 
which precipitates insoluble silica from the soluble silicate used. 
* Nat. Roofing Co., Tonawanda, N. Y. 
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Kxcellout and very durable taidvs for acids can be built by liiiinp 
steel, iron or concrete t.inks first with tar or as])halt and then 
with one or two layers of acid-proof brick, preferably j;lnzed. 
The latter may be laid in ordinary mortar, if wide joints (say 
6-7 mm.) are left and the mortar is not brou.eht up to the 
surface of the bricks. The joints are tilled with two suc¬ 
cessive layers of acid-proof cement, which is usually su|)|)lied 
hy the manufacturer of the bricks, .'lud when this is dry it is 
set by allowing the tank to stand for three days Idled with 2 per 
cent .sulfuric acid. If the tank is to be used for hot solutions 
who.sc tennicratures woidd soften tar or asphalt, the layers of 
these must he omitted, d'auks of this construclioti will suc¬ 


cessfully resist hot 80 per cent sidfuric acid.' 

Jn l.tngland bricks of Mold in b'lintshire are used, d'his ma¬ 


terial aiudyzes: 



Per Cent 

SiO. . 

. 63.01 

.M 3 );, . 

. -^ 5-05 

t'c 3 )-, . 


.\tn;,()j . 

. '1-7.S 

CdO . 

. 0.83 



Pei’ Cent 

Mk<) . 

. <i.4() 

Na3) . 

- . .. I'raee 

K3) . 

. 2.37 

()rennic maiter / 


and water \ ' 

. U.l) 


From the point of view of resistance to acids the most satis¬ 
factory material is "chemical stoneware," though because of its 
mechanical pro|)crlies its use is avoided wherever a substitute 
of greater tensile strength and less brittleness can be used. Its 
disadvantages are the ease with which it is broken by mecb.'inical 
shock or liv sudden heal changes and the difficidty or impos¬ 
sibility of reiiairing it. In spite of these disadvantages, how¬ 
ever, ;uid bec.'iuse of its uonilerful inertness towards almost 
all acids (hvilrolluoric being the chief e.xception, since it attacks 
all silicious materials) "chemical ’ slouew.are is widely itsed, .aud 
its manufacture has been de\('loi)e<l to such ;i point tiuil articles 
made of it rtinge fiajm small cocks tbrougb centrifugtd and 
plunger |ium]).s to one piece laidcs of a thoitsand gtillons c.'i|),'ic- 
ity. The best ckiy for such slonewtire is one rich in silicti 
nitlier lli.an aluminti, .lud dense.- b'ailiug this ;m .artilici.'ii por- 
eelain-like mixture m:iy be Used, conttiin' ig 25-30 ])er cent 
felsiKir, 25-30 ])er cent best chin,a cl.ay, ;ind 30-50 ])er c<'nl 
(|Uartz. It should be burnt to ,a clinkei and gl.azcd with 54 
parts quartz, 84 ptirts felspiar, 35 ptirts ground chalk, and 26 
parts ground chitia ckiy. 

Acid-proof stoneware varie.s in color from pale gray to ruddy 
brown acconling to the origin of the clay used in its mtmu- 
facture. It is especially useful for carrying out uitralious in 
dilute acid, chlorinalions, retictions with strong hydrochloric .acid 
and all reactions in which ,all traces (if metal must lie avoided. 
Most reacti(.ins caia-ied (jut in such apptir.atus uutst b( on ;i 
comparatively small scale. 

Stone as a construction material for apparatus is being re- 
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placed liy manufactured materials. I'or such purposes slate is 
perliaps the most frec|uently used stone. An English slate 
recommended for chambers used in the Deacon chlorine proce.ss, 
in which common salt and manganese dioxide are heated with 
sulfuric acid, had the following composition: 


I’cr Cents 

•Sit): . 61.26 to 58.91 

•'\b<):. 20.49 

I'ViOi . ' 7.2,5 9.02 

Cat) . T.98 2.06 

MuO . 1.96 1.14 

K:t) . 2.1K 1.92 

Na:0 . 2.,58 1.02 

Water . 3.44 2.85 


The presence of iron pyrites, which is absent from the above 
samples, is very objectionable in a slate designed for use in 
contact with acid .solutions. While the action of dilute acids 
on well chosen slate is slight, they will in the course of time 
soften it; strong concentrated .acids destroy it rapidly." 

Glass. 

(Hass, while used to only a small extent for commercial chem¬ 
ical operations, and then chiefly because of its transparency, is 
of paramount importance in the laboratory. It is too often used 
without regani to its solubility, and its attack by reagents often 
goes unnoticed because of its transparency. Tests of cbemical 
glassware have shown that good glassware can lie and is m.ade 
for general use, but that for special pur|)Ose.s, especially for 
analytical work, the kind of glass used must be chosen with re¬ 
gard to the conditions of use. 

In one series of testseight samples of laboratory glass¬ 
ware (500 c.c. I'.rlenmeycr flasks) were treated with 300 c.c. boil¬ 
ing S(jlution.s for three hours and with cold water for one w'eek. 
I he glasses, marked .A to H, were of the following manuf.acturc: 


A, IS, C, kTench 

1), Jena 

E, Kasna, ISohemian 
and had the following compositions 

E, K:: 
0, 11, 

ivalier, I’ohemian 
'I'huringian 


A 

J5 

C 

D 

K 

F 

SiO: . 

. 

70.10 

67-5-' 

66.04 

72.92 

71-50 

. 

. None 

None 

4,98 

8.02 

1.96 

3-94 

. 

. o.dS 

n.04 

0.02 

O.O3 

0.04 

0.04 

.As, 'S, Cl, 1 '... 


None 

None 

None 

None 

None 

PllO . 

. None 

4-94 

None 

None 

None 

None 

AW), . 

. 0.51 

0.58 

0.54 

1.05 

0.32 

0.50 

fu'O . 

. ').35 

0.28 

0.25 

0.38 

0.20 

0.21 

MnO . 

. '['races 

0.66 

None 

n.40 

T races 

Trace 

ZnO . 

. 5.96 

None 

6.02 

10.02 

None 

None 

MgO . 

. o.j8 

0.36 

O.Of) 

5.98 

0.28 

0.26 

CaO . 

. 6.86 

6.27 

5.60 

None 

8.17 

8.56 

NasO. 

. 14.20 

31-'3 

6.51 

8.14 

13.89 

9-43 

KiO . 

. None 

5-64 

8.52 

Traces 

2.27 

5-54 
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Reagents under the conditions described above bad the following 
effect: 

TABLl' 

LOSS OK CHEMICAL GLASSWAEL IN MILLIGRAMS 

On IIeinc Tric\tki) with 300 c.r. or VCMiiiirs Kkacents at 
THK boII.INn TeM l•|■.]^AT^UK KIK Tllkl-.E Hdl'IiS 



A 

r. 

C 

H 


!•' 

(; 

H 

Boiling water i... 

5-5 


2.0 

■1.0 

8.1) 

fxo 

S-n 

lO.O 

“ “ 2 ... 

■ 3-.'; 


0.5 

.3-0 

6.0 

6.0 

1-5 

6.0 

" 3-- 

■ 35 

^•5 

0.5 

2.5 

11.0 

7 . 1 ) 

1.0 

5.0 

Cold water *. 

0.0 

0.0 

“•5 

0.0 

1.0 

(* 5 

“•5 

I.O 

HCI, 10 %. 

■ 0.5 

^>•5 

O.T 

'>■5 

'kS 

^>•5 

<>•5 

i-.S 

NlLCl, o.i N. 

■ 5-5 

7.0 

5-0 

4-.S 

8.0 

7.0 

2.0 

2..S 

* Action for one \v< 

ck. 








ACTION Ob 

■ VVATI'' 

;R AT 

HIGHER 

Ti'',.\ir 

'I•'.RA1T 

!Rb;.S 



I.N 

AN AU'I'OCl 

.AVI' 






A 

15 

c 

I) 

i<: 

b' 

(i 

H 

120 " . 

5'(> 

13.5 

0.0 

-t-n 

16.0 

20.0 

8.0 

25.0 

Uo*" . 

.. 8.1) 

42.0 

0.0 

0.0 

7J.0 

74.0 

3-5 

46.0 

160 ° . 

•• 75.1 

71.0 

.37 

.31.0 

*}[).() 

126.0 

77.0 

84.0 


A comparison of several brands of .American glass with well 
known foreign makes lias been carried out by the Ibircau of 
Standards." ’I'be makes tested and the letters by which they are 
referred to in the following tables are: 

A. Kavalier If. Nonsol 

15 . Macbeth, Ifvans Glass Co. I', h'ry 

C. Pyrex ( 1 . Lilibey 

D. Jena 


The glasses were found to have the following compositions. 'I'lie 
variations to be ex()ected between dilferciit samples of the .same 
mtike are indicated by the analyss (jf the Jena beaker and flask. 



.A 

15 

C 

H* 

1) t 

!•: 

b' 

(i 

AlAb ... 

.... 0.14 

1.0 

2.0 

1-2 

4.22 

2-5 

2-7 

2.1 

KcjO, ... 

_ 0.08 

0.J5 

0,25 

0.25 

0.27 

0.23 

0.42 

(1.44 

ZnO . ... 

.... none 

5-6 

none 

lo.o 

10.0 

7.8 

3-^' 

none 

PbO .... 

,.. . none 

none 

none 

none 

none 

none 

none 

I.O 

MiiO ..., 

,... 0.02 

0.02 

O.OI 

o.oi 

O.OI 

o.tn 

0.03 

0.03 

CaO .... 

.... 8.7 

(1.66 

0.20 

0.63 

0.^6 

6.79 

2.6 

0.42 

MgO ... 

.... 0.17 

4-3 

0.06 

0.2 

0.25 

3-4 

2.6 

o.oH 

Na,0 .... 

.... 7.1 

10.8 

4.4 

7-5 

7.8 

10.0 

4.8 

8.2 

K,0 .... 

... . 7.0 

0.30 

0.20 

"•37 

0.31 

0.30 

1-5 

0.67 

SiOa .... 

... . 75-9 

73.0 

80..S 

64.7 

64.7 

0-3 

68.6 

75-6 

B,o» .... 

.... none 

3-<> 

11.8 

lo.o 

10.6 

6.2 

8.1 

10.X 

PaO, .... 

. 0.08 

none 

none 

none 

none 

none 

iirine 

none 

so. .... 

. .. . 0.20 

0.02 

none 

none 

none 

none 

none 

none 

... 

.... trace 

0.02 

0.70 

0.14 

0.10 

trace 

0.18 

o .,36 

SW). ... 

... . none 

0.60 

none 

none 

none 

0.62 

none 

none 


• liJeaker. 
t Flask. 
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Samples of these makes were tested for resistance to attack by 
different reagents and resistance to meclianical sliock and sudden 
temperature clianges, and from tliese tests tlie different glasses 
were graded as in tlie foll(jwing lal)le. wliere 1’ indicates ])oor, i' 
fair and (i good; tlie numerical superscripts indicate a further 
grading where that is possible, i indicating greatest and 4 least 
resistance. 

TABLK 

(,RAI)1.\(; Ol'- l.AHOKATOKY GT.ASSWAKF, ACCORDING TO IT.S 
RKSt.S l ANCI'; TO ATTACK. 

Mineral Heat Mechanical 
Make 'tested Water .Acids Shock Shock 


A . I’ G ]' P 

I! . (V G P P 

C . G“ (, (;' G + 

I) . G' G (P ]■■ 

I'l . G (c 1' 

P . G‘ G P G 

G . t:' G (c G 


♦ Par MiiK'ii'ir to other samples tested. 

,A somewhat more extensive series of tests h;is recently been 
completed in p.ngland covering kinds of laljoratory ghtss- 
ware. the names of 14 of which arc published. .Sttmples were sub¬ 
mitted to a long series (tf carefully controlled tests tin many re¬ 
spects similar to those tised in the experiments just mentioned), 
and the different makes graded according to the re.sults obtained 
iti those tests which were considered to simulate most nearly con¬ 
ditions obtaining in actual use. The criterion used in grading 
the ditferent glasses was the loss in weight per unit area (in the 
tests with water tlie total loss in weight) during the tests, h'lasks 
of as nearly the same size and shape as were obtainable were used 
in the tests, the conditions of which were ns follows: 1. Two 
lumdred c.c. water were boiled in each llask; 2 . k'lasks containing 
J50 c.c. water were heated to 184" f . in ■)4 hour in an autoclave 
(pressure to kg. sq. cm.), held at that temixirature 3 hours, and 
cooled down in t liour; 3. ()ne hundred and fifty c.c. 20 per 

cent hydochloric .acid were boiled in each llask for 1 (A hours 
and the test reiieated three times. The autoclave test was the 
most drastic, and even very resistant glasses showed etching and 
opalescence after undergoing it. 

1 he letters used to indicate the various makes and the names 
of these makes or origin of the glass as far as know'll are: 

A. Pre-war Jena 
li. not given 
C. Pritish 
I). “ 

P.. '• 

I'.-J. not given 

K. Japanese 

L. Nonsol, .American 
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loi 

M. Insolii, AnK-rlcan 

N. Fry, 

O. I’yrex, 

J\e,->isfancc 'J\’, licinian 
O. Kohn, l‘'lljcr[(“lcl, 

R. Kavalicr, Austrian 

S. unmarked, (icrninn 
Jnsol, American 

Li. Zsudla, Lierman 
V. Machelli-l'ivans, .\nierican 


'J'he 

inalvsis 

of till 

se ,glasses L;aM' 

llic followiiif; results: 


Make 

of 







Cjltiss 

SiO: 

As41,, SROa 

\k( t, 

Zn() C'aO 

.MgO 

K,.0 

A .. 


64.5 S 


O.2X 

11.78 o.oH 

0.12 

trace 

B .. 


iM-to 


4('7 

none 7.38 

O.IO 

4.02 

c .. 


<'5.4.S 


6.18 

9.06 0.40 

trace 

<934 

U .. 


66.51 


<•-74 

J.62 4..!5 

0-3X 

2.5K 

E .. 




n.^K.) 

8.00 o.4<) 

0.12 

1.09 

E .. 


64.55 


0,84 

none 6.58 

0.22 

1-59 

G .. 


6o..tu 


1.00 

7..!.t 5.78 

trace 

5-92 

H 




o.tjo 

none 7.93 

0.52 

o.7,t 

I .. 




1.12 

3.07 5.20 

0.16 

1-47 

J .. 




n-3<> 

none 7.50 

t race 

J..SO 

K .. 


7 \:^^ 

]iotit‘ m.iin' 

-^45 

none 3.O7 

o.i 1 

I.,t8 

L .. 


6S.0,! 

none* 0.45 

2.O2 

7.59 0.811 

.44' 

o.xo 

i\ l .. 


6i).8.t 

none 1.00 

o.gO 

X.80 \.(x) 

6,25 

0.70 

N .. 


68,58 

0. iX lion*.- 

2.90 

5.60 2.(15 

.(..SJ 

1.29 

o .. 


X(),6j 

O.OC) lULUF 

2.00 

none 0.22 

0.2<J 

0.61 

1' .. 



notie* i.Xo 

3.11 

8.20 0.20 

3-^9 

1.40 

Q .. 


()6.Ho 

2.05 1.2() 

5 4 

9.7.S 1.7.! 

2.O0 

I ■7.'; 

K .. 


75-‘M* 

tract' noiK* 

0.2.| 

nolle X.73 

0. 5 

7.84 

S .. 


76.JO 

llOlll' 

0.20 

none 6,^0 

0.29 

5-0o 

T .. 


67. |j 

none o.fi5 

11.05 

8.12 5.14 

4-.S6 

3-00 

U .. 


7O.J0 

none o.,^o 

o.xu 

none 8.(J7 

trace 

7.O2 

V . . 


7fA? 

0.05 0,45 

i-.s; 

5.X0 0.O4 

2.0 I 

U.30 


Make of Gla.ss .\a,0 

1 lx 

.MnO 

E (at 



A . 


•.. 7.58 

10.OX 

trace 

O.IO 



B .... 


... 1J.42 

J-9X 





C.' .... 


... 11.81 

7-13 

none 

0.09 



1 ) .... 


11.52 

4-57 

O.IO 

0.08 



I'. . 


10.02 

n.90 

trace 

0.12 



1 ' . 


n.90 

7.90 

trace 

O.IO 



(i .... 


6.46 

4.01 

(.'.08 

0.12 



II .... 


... 17.62 

none 

‘race 

0,10 



I .... 


... 15.08 

2.08 

liace 

o.jO 



J .... 


IX-OO 

l^X 

*7.10 

0.04 



K .... 


... 17.56 

non*.' 

o.io 

0 14 



1 . 


... ir.i8 

5.81 

trace 

0.20 



•M .... 


... 11.25 

4,02 

trace 

9-34 



N . 


lO.OI 

8.0 

trace 

0.20 



() . 


.. . 

1 1 .(JO 

trace 

O.io 



P .... 


... 11.70 

X.74 

n.13 

0.14 



Q . 


7.4a 

4i,i 

trace 

0.17 



K .... 


7-^\> 

none 

trace 

O.IO 



s .... 


... 11.16 

none 

0.10 

o.i.. 



1' . 


o.gj 

“■J5 

trace 

0 21 



U .... 


7-07 

none 

trace 

0.14 



V .... 


... 10.74 

7.44 

trace 

0.35 














































\02 CHFMICAL RESISTANCE OF ENGINEERING MATERIALS 


I'hese glasses when classed according to their resistance to 
attack, the best first, fall in the order shown in the following 
table; those classed as "good’’ showed losses falling wdthin the 
limits; boiling water, total loss 0.5-1.4 mg.; water at 18,^°, total 
loss 15.4-85.9; 20 per cent IlC'l, boiling, loss o.7-9.7 mg. per .sq. 
dm. of surface e,xposed. 


GRA 1 .MNG (.)F I.AHOKATORY GI.ASSWARK ACGORDING TO 
ITS RESIS'I'ANGK TO ATTACK 


Grade 
Good . 


Water at 100° Watef at i 8 ,i° lioilinf; 20% IlCI 


VOS 
S F t) 

F. V 

A B R 

G G R 

C C M 

O A I, 

— ]) N 

L I, T 

b' V Q 

— N G 

K Q J 

N I' I 

_ _ Ij 

F - II 

B - F 

M — C 

Q 

U — — 


Moderate 


I T 

R -M 

U 


Bad 


K 

J 

II 


K 

I 

J 

Jl 

S 


1 ! 



Of the glasses tested seven fall in the “good" chiss iti every 
test (.see cha]>ter on alkalies for tests wdlh alkaline substances), 
of which three are of British matiufacture, two .Vmerican and 
two Ciertnan. 'I'he authors conclude that i. zinc-aluminum or 
aluminum boro silicates are most relied on at presctit, the former 
being the most popttlar; on the whole the best glasses are of this 
type; 2. litne-soda glasses arc as a rule tiot very resistant to 
water nor to sodium carhonatc, are moderately resistant towards 
dilute alkali, excellent towards strong alkali, and the best type 
for use with acids; 3. silica gives resistance towards water and 
acids but not towards caustic and carbonated alkalies; 4. boric 
oxide in a molecular ratio to silica of about I2: 100 increases the 
resistance to water but lessens that to alkali and hydrochloric 
acid; 5. lime is not of advantage for resistance to water, and is a 
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disadvanlage for use with sodium carboiialo, but increases the 
resistance to strong caustic and liydrocbloric acid; (1. large iiropor- 
tions of alkalies are to be avoided, since tbev decrease the re¬ 
sistance to water, acid and alkali. 

Fused Silica. 

lutsed silica ware. Sit)-, is an ex[)ensi\e subslilnie feu' glass 
in the laboratory, but is unsurpassed for nianv i>ur|uises because 
of its practically coni])lete resistance to attack by water and all 
acids except bydrofluoric at ordinary tcinix'ralures, and hecanse 
of its extremely low corU'ticient of expansion which allows it to 
undergo the most extreme and sudden tem|K‘ralure changes with¬ 
out cracking; for example the silica tube of a l.aboratorv com- 
Intstiou furnace may be cooled for p.art of its length bv mopping 
with wet asl)estos without danger. Practically all forms of lab¬ 
oratory apparatus that are found in glass are duplicated in silica, 
both glazed and unglazed, transparent and cljiuh'. In a<ldition 
to laboratory apparatus, factory sized units are made in consid¬ 
erable variety ev;i[ioratittg dishes, concentrating p;ms, pi|)es, 
futmels, stills, etc. 

Pesides hydrofluoric acid phos|)horic acid attacks silica high 
temi)eratures, the attack beginning at 500",and water begins 
slowly to gelatinize fttsed silica ;it 400" and (|tiartz crvst.als at 
500°. ” 

rhe action of hydrotluoric acid on silicti shown by the c(|tt;itioti 
4IIF + Sit), -Sib', -b _>l PO 

takes |)lace at room tem|)er:Uure and is made complete by warm- 
itig, silicoti tetnifluoride being driven (Uf as a gas. 

bused silica Iregins to lose its mechanietd strength on being 
heated to itoo°. 

Enamels. 

Enamels and vitreous glazes are closely related to glass in 
their uses and chetnical behavior, (ilass enameled inet.al has two 
important uses; first, in the m.anufacture of domestic cooking 
utensils, second in the manufacture of industrial chemical 
apparatus. 

The chief requisites in enameled cooking ware are mech.anical 
strength (resistance to shock, wear and temperature changes) and 
insolubility of any part of it in dilute acid solutions, for nearly all 
food prepanations are neutral or faintly acid in reaction. Enamels 
which yield soluble lead or other toxic salts to acids are obviously 
dangerous. The tests usu.ally apidied to enameled ware consist 
in boiling dilute acetic acid in the x'cssel to be tested and de¬ 
termining its loss of weight or the kind and weight of material 
dissolved or both. In tests of ware of -American manufacture 
in which 500 c.c. 4 ]>cr cent acetic acid were Ixiiled in each vessel 
for yi hour white and .gray enamel stood up better than blue. 
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The white and f^ray enamels were entirely unaffected by i and 
j per cent acid ; only 2 of twenty-three makes yielded soluble 
load. When 200 c.c. .4 per cent acetic acid were heated in the 
samples for () hours on the steam bath, the losses in weight 
varied fia)m (,).()5-o,()8 g. in ware of proved good quality through 
o.2-0.5 k- ware of medium (|nality to 0,6-).2 g. in inferior 
grades.'-'’ 

In a stvidy of the relative resistance of enamels to different 
ticids 2 g. finely ground frit (50-10(3 mesh, 4.9 jrer cent; loo- 2 ( 3 o 
mesh, 35.9 per cent; finer than 200 mesh, 6'i.2 [K;r cent) were 
weighed into a 400 c.c. beaker and let stand 24 hours at room 
temperature after thorcnigh stirring up with text c.c. of the acid 
used. 'I'hc loss in weight of the frit was determined. The re- 
snlts are shown in the following table: 

I.OSS Of VVTIGIIT (.)!•' ICNAMEk FRITS IN ACIDS 

Maxinniin Per Cent 
Slreii.eth .Acid Causing Amount of 


Kind of .Acid lA stcd (ireatest t.oss Greatest l.oss 

Acetic . 04 '' 2o'/{’ 0.03 g. 

Nitric . 70 12 0.12 

Sulfuric . i/b a 0.16 

Hydrochloric . 37 10 0.10 


The solubility of the lead of enamels in acetic acid is affected 
by the silica content of the enamel but does not vary continuously 
with it. The solubility decreases with increasing silica content up 
to a ratio of 2.5 mols SiO-: 1 mol I’bO, and then increases. If 
part of the lead is replaced by sodium, potassium, calcium, barium, 
magnesium or zinc, less lead is dissolved, and the presence of 
ahitninum still fttrthcr decreases its solubility. 

Wood. 

Wood, of the organic materials considered here, is the most 
u.scd and most tiseful bcc.ause of its chetipness, strength, ease of 
manipnk'ition and its resistance to the action of many chemicals 
that vigorously attack metals. 

The kinds of wood commonly met with in this country and the 
appro-ximate order of their popularity for chemical work in gen¬ 
eral are: 

1. Red Citilf or l.ouisiana cypress (Taxodium distichmn) 

2. Long leaf, yellow or hard pine {Finns palusiris) 

3. California redwood [Sequoia sempervirens) 

4. White pine {Finns strobus) 

5. Douglas, Washington or (jregon fir {Fscudotsuya taxi- 

folia-) 

6. Hard maple {/leer saccharum) 

7. Yellow poplar {Populus dclloides) 

8. White oak {(Juercus alba) 

9. Tamarack {Larix larkina) 
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10. .Spruce (Pirca rubra) 

11. Norway pine (I’iiuis rrshiitsa) 

The result.s of some recent e.vperimeiUal work on the l)ehavior 
of wood toward.s \arious chemical reagents have been published 
in two articles which fill a long felt want, for hitherto there has 
been practically uo systematic information covering this field avaih 
able in the literature.^"' 

.Ml woods when first used impart more or less color to solu¬ 
tions and other li(|uids which they contain: oak and redwood es¬ 
pecially imjiart color to water hot or v'old; m.aple is better in 
this respect, and fir, pine and cypress follow in the order named. 
'1 he elfect of a(|ueous solutions of acids and acidic salts on six 
woods is shown in the following table on a scale of 4, 1 imlicat- 
ing little or no color c.xtracted Ity tlie solution, and 4 indicating 
strong color extraction. 

Itia.ATIVF, ItXTRACTrON OF COLORTNO. ^rATT^;R I‘R()\t 
WOODS 1!Y ACID SOT.UTiONS " 


Funs 

i.eaf DdiiKlas Ited- Hard White 
Seliilidii Cypress I’iiu- I’dr sviod .Ntapic ( lak 

;uid 2p/c ticetu acid., i i 1 j 1 2 

5(/1 an<l MM)',!' “ '■ .2 2 2 2 3 

S' t and 25% IK 'l. I j I 2 I 2 

Coiuvnlrali-d “ . 4 4 4 4 4 

10't Jl2S(), . 1 1 1 3 I 3 

■■ . I 3 3 

5''', i 4 4 4 4 4 4 

10% X’allSO;, . 2 2 2 2 2 4 

10' o NaC'l . 2 I I 2 2 2 

ii/.'T Cadi . I 1 i 2 I 2 

'• 1 1 1 


1'h(“ al)sorp(i(in by wood of the snnic chemicals was studied and 
the results suminari/cd atid expressed in the sam{‘ terms as were 
used in the i)revioiis table; since no simple relation between the 
concentration of the solutions used and the amount aljsorlied 
w'as apparent, the results ol>tained with several concentrations of 
each solute were awra^ed in making- the follovviuj^ table. 
absor[)tion is indicated by 4. low by i. 

RICLATIVK AhSORl’TlON OR ACID SOLUriONS UY WOOD” 


Solution Dou.vdas Deaf 

(-yi»rcs,s lor Dim* 

Hot Cold Hot Cold! lot Cold 


Water ..... 3 2 

IJCl .4 

U.S(h . 4 

IINCh .2 2 

Acetic acid.. 3 3 

NaifSCh ... 3 3 

NaCl .3 I 

CaCU . I 


4 3 3 3 

4 3 3 

4 2 3 3 

3 3 3 

3 3 2 

4231 


R(<l- 

wd'id 

Hot Cold 

4 3 

4 3 

4 3 

3 3 

3 3 

4 4 

4 3 

3 3 


1 lard 
Maple 
Dot Cold 
4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 3 

3 3 


White 

Dak 

Dot Cold 
4 4 

4 3 

4 3 

4 4 

3 3 

3 3 

3 


1 


2 


I 


1 
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Data for various concentrations of sulfuric acid arc given in 
>11 I'iff- 14 ai’c found average values for a number 

of chemicals.'■“ 

All woods exi)and in aqueous solution, and part of this ex¬ 
pansion is lost on .subsequent drying. Redwood shows the great¬ 
est swelling and oak the least. 'I’hc change in dimensions (con¬ 
traction or expansion) re.sulting when wood is immersed in a 
solution itiay be termed temporary contraction or expansion; 
that change which jx-rsists after the wood has dried out may 
be considered iiermancnt. 'I'emporary exfiansion in various 



I'lC. i,y—Absorption of [laSOj hy Wood. 

strengths of sulfuric acid is shown, in big. 15, and in b'ig. 16 and 
Fig. 17 are given the permanent changes in a variety of solu¬ 
tions.n" 

Nitric acid is probably hardest on wood; this acid, mixed acid 
(nitric and .sulfuric), or nitrous fumes and spray quickly de¬ 
stroy any wood, first turning it a deep yellow and then transform¬ 
ing it to a gelatinous, [xirtly fibrous pulp. Sulfuric acid, if con¬ 
centrated, carbonizes wood. 'I'he non-oxidizing acids may be 
handled in wood, but if'the acids are strong, the wood is slowly 
hydrolyzed and destroyed. From this it follows that the strong 
mineral acids, like hydrochloric and sulfuric acids, can be handled 
in wooden apparatus only at very much lower concentrations 
than the weaker organic acids, but c<incentrated hydrochloric and 
phosphoric acids may be shipited in wooden containers that have 
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Fiii. 15.— F.xpaiisiim ill lIjSOi at DilTcrint (ioiicnitralidiis. 



Fic. 16.—Expansion or Contraction of Wood in Varions Cold Solutions. 

Iieeti treated with parnflitie or water glass or given some similar 
protective coatitig. 

Data on the effect of some of these chemicals on the physical 
conditioti of the six woods may be summarized as in the table 
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that follows. A minus sign indicates no appreciable action; ;i 
plus sign, brittling, softening or shrinking; two plus signs, do- 



Oil r^ttyAcid 


Fin. 17.—Expansion or Contraitioii of Wood in Hot Solutions. 

sttuction of the wood. .Signs enclosed in parentheses indicate 
itifcrences from llie authors’ statements, while tlie others arc based 
on direct sttitements. 


liFFF.CT Ol' ACID 

•SOUn'KiN.S ON I'llVSIC.M. 
OF WOOD" 

l.onif 

I’ROI'I 

'IRTIFS 

Solution 

Acetic ucid 0 - ]oo%. ... 


Douela 

s 1 .c,-i f 

Kcd 

Hard 

White 

( ypross I'lr 

1 ’ 111C 


M.'iplc 

( )ak 

IICl cold. 

(—) 

t-~) 

( -> 

-f- 


(„ ) 

-I- 

*•’5^ •• ■■ . 

•— 

- 


( i- ) 

+ 

( one. ‘ “ . 

■h-i- 

+ -I- 

1 t- 

i-i- 

I 1- 

-f-I- 

5% TT7S()4 cold. 

_ 



4- 


25 % “ “ . 


(■ I-) 

. . 

(-10 

(HA 

( 1 ) 

“ hoi . 

■f + 

-FT 

+ -I- 

++ 

H-H- 

h-l- 
1- |. 

Cone. “ cold. 

++ 

-II- 

-f-I 

+ 1 - 


s'/! UNO, '*. 



(T) 

(-!•) 

f -I ) 

' liot . 

+ 

-f- 

+ 

-f 

-f 

-f 

(-) 

NaCl “ . 

(...) 

(- -) 

(...) 

+ 

(-) 

.-\t least one wood is suitable for 

each of 

the chemicals 

in moif 


eratc concentration except nitric acid. Cypress, hr and pine tire 
the woods least affected, while tiiaple and oak arc of more re¬ 
stricted usefultiess. Maple witlistands to ikt cctit hydrogen per¬ 
oxide itideftnitely. 

The results of a somewhat more detaileil test with hydrochloric, 
sulfuric and nitric acids are shown itt the next table.'”* In the 
notation used 
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S indicates any softening effect 
W ■' warping, cracking, distortion or the like 
Slid “ shredding 

Ch “ charring 

and a hknik indicates no test. 

Hot solutions of annnoniuin nitrate wear out wooden tanks 
rapidly either hy depositing crystals in the interstices of the 
wood where the; solnlion has permeated, or by crystallizing out 
in the seams between the staves."* 

A census of the opinions of users of wood in chemical plants, 
compiled by the l'’(]resl I’rodncts Lalioralory and referred to in 
the article from which the above data were taken, resulted in the 
following generalizations: 

“h'or |)ickling tanks cypress was the most iiojnilar with white 
pine a close secoiul. 'flic other resinous pines were also used. 

"I'lir hydrochloric acid any variety of resinous wood, if im¬ 
pregnated with tar or other protective coating, was apiiarently 
suitable, 

"I'or acetic acid any wood was satisfactory, with the possible 
exce])tion of Douglas lir. 

“f'ypress was preferred for sa]>onilications and for most acid 
work, while long leaf |)ine was also very popular. 

‘‘I'ilter press plates are usually made of ])arafliiu'd maple, al¬ 
though other woods are sometimes used. 

"Tamarack is suitable for hvdrollnosilicic acid up to u [xir 
cent, and for dilute organic acids.’’ 

Protective Coatings for Wood. 

llanser and ll.ahlman conclude dieir article with a discussion 
of protective coatings as follows: 

Waxes or gums, asphalts and coal-tar pitches are sometimes 
emidoyed as a prcjtectiw coating n|)on woods which are to be 
exposed to the action of corrosive iiciuids. The.se products may 
be either li(|uids or solids at normal temperatures. I he licpiids, 
usually called acid-i>roof paints, arc a])plied with a brush, whereas 
the solids .arc melted and then applied. In the latter case, usually 
a prime coat of the .same or similar material in licjuid form is 
first applied to act as a binder. With those solids which have 
low melting points or no fixed melting point, as in the ca.se of coal- 
tar pitch, some sidistance is frecpiently mixed with the protective 
material or else duck or burlap properly secured to the tank and 
placed between coatings of the |iitcii, etc., is used to prevent the 
ni.aterial from running down the vertical sides of the tank. 
Whether these preparations are successful in preventing the pene¬ 
tration of a li(|uid will depend u|ron the resistance of the coating 
to the action of the chemical and uixm the completeness with 
which the pores of the wood are covered. Various coal-tar and 
asi)haltic paints as well :is solid materials were tested to determine 
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their resistivity to the viiriotis chemical solutions. iMclting point 
(leterminations were also made on the solid materials. 

.Most of the sam[)lcs tested showed itrcat resistivity to the 
various chemicals used hnt in the case of strips covered with lif|nid 
])re|)arations, absorption took place, expansion or contraction oc¬ 
curred and the oiher phvsical manifestations were evident, 
althons;h much rcl.arded. It woidd seem that although the ma¬ 
terial itrtcif was nn,acted n|)on. the chemical solution would ,t;et 
throu.nh the thin iirotective lilm and attack the wood. With the 
solid materials, es|)eciallv when the wood' was thorons^hly and 
lu'avilv coated, the penctnition was \erv much reduced ;md thus 
very much hcticr production was alforded. 

Cotton 

Cotton is the most used of the textile materials for industrial 
purposes, and it is especi;dlv used in chemical plants for tilter 
cloths, ha,i;s, etc. Chemically the ccjtton tiher consists of relatively 
pure ccllnlo.se, the formula of which is (t ,,l 11,,( ).-,) s; the x suh- 
sci'ipt indic,'itcs th,'it its molecular weight is unknown. 

h'rom an cnpincerini^ |)oint of \icw the most interesiini;' chem¬ 
ical characteristics of cotton are its relativ<' sensitiveness to acids 
and inertness towiirds .alkalies, liein.c in these res|iect the inverse 
of the animal IiIki's wool .■md silk. The destructive action of 
acids is rluc to a numher of leactions of the t\pes of hydrolyses, 
hydrations, dehydrations, cstcrilic.'itions, etc., not lhoroip"hlv un¬ 
derstood in many cases, .•md too com[)licated to ”(1 into at Icnpth 
here. There is one dilference that must he taken into account in 
practical work hetween the volatile and non-volatile acids. While 
the action ol all of them is more or less destructive on cotton, 
action continued for a short while mav he nephhiihle; if there¬ 
fore cotton moistened with a voliitilc .'icid solnlion is .dlovved to 
dry. the acid will evaporate with the water and its ;iction cease; 
with a non-\olatile ;icid, on the other h.'ind, as the water eva|)o- 
ratr's, the acid solution on the lihei’ hecomes more concentrated, 
and the destrncti\e action continues until the acid is exhausted. 

.Sulfuric acid when concentrated dissolves cotton to a vi.scous 
solution from which the addition of wiiter i)recipitates the 
amorphous starch-like substance amyloid, t C , d l._.,( fn ),. Dilute 
sulfuric acid, like other dilute acids, hydriplyzes cotton to dex¬ 
trine and pducose. ('oncentrated hydrochloric acid dissolves cot¬ 
ton. Hvdrollnoric .acid wdien dilute has a ])eculiar effect, trans- 
formiips; cotton into a toush, transparent, Ilexible waterproof 
material, ('oncentrated nitric acid alone oxidizes cotton to oxalic 
acid ;imon;L;' other products, hut if the nitric is mixed with con¬ 
centrated sulfuric acid, so-called nitro-cottons are jmiduced. 'I'hese 
are really nitrates or nitric acid esters of ceihdose (amonpf them 
is ^tm cotton) which have (|uite different chemical characteristics 
from cotton.-" 
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Advantage may be taken nf Ibis ebange in ebaraeleristics to 
]ire])are lilters resistant to strong aeids.-' (Irdinarv dry eotton 
filter elotlis are stretehed Iiposely on alnmimnn Ir.anies and im¬ 
mersed for one hour in cold 80 Sy per cent nitric acid and then 
for twenty minutes in (y per cent sulfuric acid, after wliicb they 
are washed thorongbly and dried, care lieing taken to remove, 
all the free acid in the wasbing. Such lilters are not very strong 
mechanically and should be well sui)|>orted in use, but they sl.iiid 
60 per cent sulfuric acid even at 100°. ()n the other hand they 

are at once destroyed by solutions of iron srdts. 

.801110 .salt solutions have .a tenilering elfcci on cotton, in most 
cases bec.ause of their acid reaction, /inc chloride bowever has 
a siiecitic .action, and concentrated solutions dissolve the liber, 
double zinc compounds being formed under certain lamditions. If 
one ]iarl of cotton is warmed at tio-So ” in a solution of 4 6 
|iarts Zn( k (anhydrous) in (i-io parts water, it will gelatinize, 
and if it is further heated .at p.s-loo ’, it will dissolve. .Solutions 
of zinc chloride in concentrated hydrochloric acid will dissolve 
cotton cold. 

'I'he minimnm slrenglhs of sulfuric and In (hajcliloi ic acids that 
will tender cotton wia'e detirmined under two dilferent .sets of 
conditions: a. the cotton was boiled in the acid solution one hour; 
1). the cotton was immersed in the acid and when thoroughly 
wet, was wrung out and heated at 1 Jo” for liai minutes. The 
results showed that much weakir hydrochloric than sulfuric acid 
would tender the fiber. The minimum strengths found wa're : 

lit I ilj.St), 

a . i/rj.ST i.'.ia'l. 

Ii . i/.|(K) 1/128 

.A|)|>areiitly after the cotton fiber has been tendered by the 
action of sulfuric acid, dried on the liber without beat, a cer¬ 
tain return of strength occurs when the acid in the fiber is neu¬ 
tralized. Tensile strength tests indicate that: 1. the tendering 
.action increases the longer the acid remains on the liber; 2. the 
cotton g.ains in strength on washing out the acid, the .gain beiigg 
least in libers tendered most ; 4. neutralization by sleeping in 
dilute tilkali gave results indistinguishable 1 rom those obtained 
wdien the acid was washed out. In the te:Ts 2/20's cotton yarn 
was u.sed and 0.5 .\, 1 X and 2\' sulfuric acid.-"' 

A study has been made of the tendering effect on cotton liber 
of a number of org.anic .acids both alone and mi.xed with (il.auber’s 
salt. In some cases the solutions were dried on the liber and 
the liber steamed, and in others the steaming was omitted. The 
extent of the decomposition was determined by measuring the 
reducing power on an alkaline co|)per solution of the decomposi¬ 
tion ])rodncts (.Scliw.albe's method moditied ); -' the greater the 
decomposition of the cotton, the gre.'iter the reclucing power.-"' 
The re.sults of the tests were as follows: 
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ACTION OF ORGANIC ACIDS AND GLAUBER’S SALT 
ON COTTON 


Acid 

Coiicciitralion 

Treatment 

Cop|)cr Value 

Tartaric . 

5 K./ioo c.c. 
.Same + R- 

Dried, steamed 

4.8 

■>8’ 


Same + 20 

ti 

Very slight, 
no tendering 




Oxalic . 

Citric . 

(ilaiilicr’s salt 

5 c.c. 

,. • .. 

Same 

5-75 

2.63 




No action 



.. 

C)xalic 1 

Tartaric 1 

Citric [. 


Dried diily 

No action 


I'^ormic j 
Acetic I 


Ill every case where (ilaulier's salt was ackled tlic (Icstrnctive 
actii)!! was less than when tlic salt was absent. 'I'liis has been 
(|nestione(l by nthcr workers, and, if the experimental results are 
to he relied upon, the effect of the addition of salts, depends on 
the kind and concentration r)f the acid. For example-*' cotton 
was boiled under a retlux condenser with acid solutions and its 
tensile stren”;h determined after this treatment. 


Siiliitiim Tensile Streiigtli 

Water . it.o6 

2 i)er cent oxalic aeiil. 6.71 


2 [ler cent oxalic acid ■+ 20 |ici- cent Gkuilicr'.s .salt 9.84 

Sodiinn chloride and hydrochloric acid tender cotton less than 
hydrochloric acid alone, probably liecanse of the lessening of the 
concentration of the hydrogen ion by the large amonnt of 
chloride ion |)resent. 

Wool. 

Wool, being, as has already been mentioned, the inverse of 
cotton in its resistance to re.agents, is .scarcely athicked by strengths 
of acid th.at entirely destroy the cotton fiber, bnt is on the other 
hand destroyed by quite dilntc alkalies. Chemically wool is 
chiefly keratin, a basic, nitrogenous material that is the chief 
constituent of the hair and horns and one of the constituents of 
the skin of mammals, and its chemical behavior is very like that 
of other animal fibers, even so different a liber physiologically 
as silk, 'file average conqKisition of wool keratin is 

Per Cent 


C . 50 

II . 7 

O . 26-22 

N . 15 17 

S . 2-4 
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Wool readily absorbs a certain amount of acid when trcaled 
with a dilute solution, and if it is afterwards boiled with suc¬ 
cessive portions of water till the last is neutral, not all the acid 
absorbed will have been removed. Oilule acids do not affect 
wool, with the exception of nitrous acid, which diazotizes it, and 
nitric acid, which colors it yellow. If the C(jncentration of the 
nitric acid is less than 4 per cent, the coloration is not wry 
marked. 

tioncentrated strong acids, however, coinprletely destroy the 
fiber if the action is allowed to contiTiue for any length of time. 
If wool is immersed in cold conccntnited .sulfuric acid for a 
short time only, its strength is not seriottsly affected, but it is 
changed chetnically, having a greater allinily for basic dyes tind 
none for acid dyes.-' At high temperatures the action of the 
strong acids is, of course, more vigorous, and long continued 
boiling even with water decomposes it to some extent. At 
water changes the fiber tej a stdistatice that when dry is a ixiwder, 
and at higher tenipenitures dissolves it. 

Hecause of its acid resistant i|ualities woolen cloth has a large 
u.se in chemical pl.'ints as a filtering medium for dilitte acid 
solutions. In picric acid plants woolen ;\lbany cloth was used 
for filtering picric acid from spent nitrating acid of an average 
composition of 45 per cent sulfitric, 3 per cent nitric and 0.5 
per cent picric acid, d'he deterioration w.as somewhat ra])id un¬ 
der the,se severe conditions, bttt the cloth stood up .sttHiciently well 
to offer a practical soitttion of the filtration problem.-'* 

Silk. 

Silk, like wool, is protein in natttre, bttt differs from the latter 
in containing no sulfur: its chief constituent is the protein fibroin, 
the average am'dysis of which is given a.s : " 

I’cr('ent 


C . ^8.3 

II . (i.,S 

N . iij.z 

(t . 26.0 


Furthermore it is in general similar to wool ii, its behavior towards 
acids and alkalies, as has already been mentioned, being resistant to 
the former and .sensitive to the latter; in some (b tails, however, 
it differs from wool. Like wool it combines with dilute acids and 
is dissolved bv concentrated alkalies, but Jt is not as sensitive 
to alkalies as wool is, and ammonium hydroxide has no effect 
on it. 

Concentrated .sulfuric acid acting for only a few minutes cati.ses 
a 30-50 per cent contraction of the fiber without any other dam¬ 
age than a loss of luster, but long continued action dissolves the 
silk. 

Hydrochloric acid of specific gravity 1.145 (-8.6 per cent) 
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causes a oiie-lhird coiUractiiin <if the fiber, lieluw tliis .strcn,i;th 
this effect disappears, and ahtive s|K'cific. ttravitv 1.15 (-tp.h per 
cent) the acid causes cimiplete disintegration, 'fhis slirinking 
action is used lor creping, and the action is complete in from 
one to two minutes.Nitric and sulfnric. acids may lie used 
in the same way.'*" 

Ordinary strong nitric acid of specific gravity 1.33 (.3^.4 [Kir 
cent) acting for one minute at 45° gives silk a yellow color 
fast to light and washing, hut pure nitric acid, free from nitrous 
acid and oxides of nitrogen, is without this' effect (cf. .action of 
nitric acid on metals p. 3(>). .Mkalies deepen the color of this 
nitro silk, and concentrated sulfnric acid converts it to a gela¬ 
tinous mass. 

Hot glacial acetic acid dissolves silk. 

-Neither tluosilicic nor hvdrollnoric acid (cold, 5 per cent) 
harms silk; they may therefore he used for removin.g inorganic 
salts, 

.'solutions of some .salts have a |irononnced effect on silk. 

0.5 jier cent solution of sodium chloride completely destroyed the 
tiher in 12 months, a l tier cent solution produced (irononneed 
tendering in 2 months, and 2-5 per cent solutions caused notice- 
ahlc tendering in 7 days. Other chlorides have a similar hut h'ss 
pronounced effect. Alkaline zinc chloride, aininoniacal co|)per 
and nickel and strong stannic chloride (of s|)ecific gravity, 1.35, 
4X per cent) .solutions dissolve silk, and the latter tliree may he 
used for its analytical se|)aration from cotton. An alkaline solu¬ 
tion of copper sulfate in glycerine may he used for the .same 
pur])ose ( jti g. t u.S()|.5l l.^t) are dissolved in 10 g. glycerine and 
150 c.c. water, and a Nat )I 1 solution is added until tlic precipitate 
first formed is redissolved). 

Hair Cloth. 

Hair cloth made of camel and other hair is extensivelv used 
as a filtering incdiiiin fijr acid li(|iiors.' 

'file following is an abstract of a recent investi.gation of hair 
cloth by !•’. k. McGowan and C. \V. .Schoffstal of the lA .S. 
liureaii of .Standards."'" 

I’ress cloth is a heavy textile fabric in.ade from various kinds 
of combinations or textile fibers, generally hair fillers, 'fhis 
cloth raiyges up to one-half inch in thickness and is u.s’ially made 
13 inches in width. I'ecau.se of its great strength and piorosity 
it is used to advantage jirineipally in the presses of the oil¬ 
pressing industries. 

'fhe use to wdiich this iircss-cloth material is put requires 
that the doth have great strength and resilieiiey. 'fhis latter 
factor has made it desirable to use hair fibers to a large ex¬ 
tent. Of these hairs camel hair seems to he used most, and 
human, horse, goat, mohair, and other hairs have been adopted 
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with varyiiift <li‘j;rc('s (if Iciij^tli and satislactinii nf scrvii'o. I'ln'ro 
is also SOUK' wool ])r(‘ss clolli in use. 

I’revious to (he war a|iiiroxiniately (jo |Hr eeni of the camel's 
hair used liy .\nieriean jiress-clcith manufacturers was nl the 
averatte grade of Russian camel hair tind the remainder of Chinese 
camel htiir. 'I'he war, however, prevented the importation ol 
the Russian product .and forced tlie .\merican mantifticttirers 
of ctimers-h.air press cloth to ti.se the Chinese grade, i Inman 
hair is imported principally from Chin.a and Italy. I lorse hair 
is a substitute for human hair, hut is used in very limited (|uan 
titles. Since it h.as not prcned entirely salislaclory, goal htiir 
is used in large (|tianlilies in the manufacture of the so-called 
gray wool press cloth, which contains 10 to 50 per cent of .goat 
hair. 

It is the e.xperience of severtd of the larger cottonseed oil 
c()m])auies that it lakes htilf a ]iound of press cloth for each 
ton of cotton seed worked. The amount varies with the differ 
ent mills, some nsiiig more, some less, htil htilf a |«iund may he 
considered a fair estimtite. 

'file ultimate cost of |)ress cloth htis alwa\s been of vittd 
interest to millmen, and there is a \.ast range ol price between 
the greatest and l(.'asl cost. I bis variation residls from a niini- 
her (if causes impro]>er htindling, stonige and cleaning of seeils, 
improper linling, sejiar.'ition, crushing, cooking, forming, or press¬ 
ing of the meal .all inllueiice the wear and te.ar on the cloth. 

It is <a well-known fact licit .all textile material is inlluenced 
in its properties by atmospheric moisture. 'I'he effect of the 
moisture on the weight is of interest in this connection. Various 
other textile branches have taken up the prohlem of moisture 
content in relation to weight. 1 he silk indnsiry, owing to the 
high cost per pound of its |iroduct, has formed a very compre- 
hiaisive svstem of transacting sales on ,a standard moisture basis. 
It has been found very ailvantagidus in this instance to set .a 
standard moisture content and to buy on that btisis. It is rec¬ 
ognized that the material alwavs contains some moisture under 
ordinarv condilii.ins, so that in transactions on .a weight b.asis 
it w.as considered desirable to agree upon some standard moisture 
condition and to tillow the ])ercent,agc • f moisture which was 
contained in the material ,at that coinlition. I'he silk interests are 
not alone in following out such a pioject, for definite standards 
htive been fixed and adhered to more or less for transactions in 
wool, cotton, .and vtirious olhia- libers. It is true th;il this con¬ 
dition seems to be more prevalent in I'.ttrope than in the L'nited 
.States, and for that retison indic.ations point to the fact that the 
American textile interests are somewhat negligent in not giving 
this factor more consideration. dhe United States (.j(.)vern- 
inent in its specifications has taken cogniztmce of the inthieiue 
of moisture on properties of cloth, and it is hoix;d th.al the te.xtile 
trade also will soon come to do .so. 
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The question of moisture content in its relation to selling is 
quite frequently misunderstood. In earlier days in the textile 
trade un.scrui)ulous dealers, recognizing the ability of textile fibers 
to absorb moisture, took advantage of this by sprinkling or add¬ 
ing moisture in some way before the material was weighed. This 
jiracticc fortunately has lessened, but there still remains the 
natural increase or decrease in weight due to changes in the hu¬ 
midity conditions of the atmosphere which are involved in trans¬ 
actions made where this atmospheric moisture is disregarded. 
Much of the opposition to moisture detcrihinations developed 
from the tact that tests of this nature bring to buyers and sellers 
visions of large and expensive humidity regulating devices at 
their plants with the resulting additional expemse. Moisture 
determinations would not involve more than the slight additional 
trouble of packing and sending the sample to some easily acces¬ 
sible laboratory for tests for moisture content. Some press- 
cloth manufacturers also look ution this as an infringement on 
their methods of manufacturing, but here again it can be stated 
that the manufacturer might pass his material through any scries 
of wet processes and all the rc(|uircments would be met by ad¬ 
justing the selling weight to that moisture content which would 
be permitted under normal conditions. 

The percentage of oil content, while mostly a manufacttiring 
problem, is also of ])rimary imi>ortancc to the buyer of press 
cloth, flair fdiers similar to W'ool, in their natural state, con¬ 
tain oil excreted at the roots of the hair fibers, and this often 
mixes with the perspiration and dirt to form a coating over the 
fiber. In the wool industry this is entirely removed by .scouring 
to improve the feci and aiipearance of the fibers, to permit more 
efficient manufacturing processes, and to enafile the fiber to 
take the dye. .Some press-cloth fillers also have becii scoured, 
but the exixidiency of scouring is open to question as to whether 
the additional exjK'nse caused by .slirinkage in weight and labor 
involved is counterbalanced by the better (|ttalities of the press- 
cloth material. It must also be considered that the removal of 
all the natural oil causes the libers to lack adhesiveness and in- 
crease.s waste or flyings. It is necessary then to add a cer¬ 
tain amount of oil before the carding process. 'I'his is later 
removed in the case of wool manufacturing, so that the finished 
product is free from oil. In the case of liair press cloth, how¬ 
ever, we find either the natural oil plus some of the additional 
oil or, if the fiber were previously scoured, this a<lded oil alone 
remains. This condition involves a point of argument. 

From the manufacturer’s standixiint it is admittedly neces¬ 
sary to add oil to permit efficient manufacturing. On the other 
hand it is inadvisable because of the additional e.xpcnse in¬ 
volved in scouring the finished press cloth. J'.ach manufacturer 
has different ideas as to what kind of oil to use, if any, and how 
much is needed. 
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According to tlie user’s views, however, this oil is unnec¬ 
essary in the work in which the press cloth is used, since tlie 
fabric is working with oil, lie points out that since the oil is 
not essential in his work, and since press cloth is hought hv 
weight, his ititcrcst demands that the amount of oil jutt into the 
fabric be minimized to eliminate the hitying at ]iress-cloth prices 
of a material which is of no value. As this oil is not actttally 
detrimental except in extretnci}' isolated ctises, it would seem 
advantageous to ascert.aiti and dedttet from the gross weight 
the avcra.ge percentage of oil in a shiptnent rather thtitt to rtm 
the cloth through the scouring ])rocess. Rather than deduct the 
entire oil contetit it has been suggested that ;i cerl.'iin |)ermissihle 
percentage of oil he fixed as slatidard which will allow the 
mtinufacturer to ;idd such oil as is necessary for pro]K’r matiti- 
facturiiig tmd ])ennit any excess to he suhtrticted fn.m the weight 
of the shipment. It was for the purpose of havitig this oil 
statiihird as well as moistttre content sttuidard fixed .satisfactorily 
for manufacturer and user alike th.at this matter was brought 
to the attention of the L', S, lUireau of ,'sl.-indards by one of the 
largest users of this material. 

In a preliminary study of this problem a .search through the 
vttrious soitrccs of inf(irniation revealed very little data or in¬ 
formation that would aid in its solution. It was found that 
various oil pressing mills were testing or having testeil, with 
varying results, stimplcs of the cloths which were ptirchtised. 
It was noted that several methofls of tests were in vogue, and 
this led to confusion. Moisture r<intent was determined as 
received at the testing house, :ind there wais no ;ittempt to have 
the test samiiles delivered in moisture-light packages, so as to 
Itrevent changes in moisture condition between the weighing room 
and the test room. Ifeterinitiations of moisture content, to he 
of any value whatever, should show the perceiUa.ge of moisture 
prc.sent at the time of the weighing on which payment is based. 
The oil content with the exception of any slight evajioration 
would remain the same, so that the standarilization of methods of 
determination would be all that is necessary to afford uniform 
I'esults. 

Cocoanut Fiber. 

C'oeoanut liber is fairly resistant to dilute acids, and mats 
of this material may he u.sed for tillering weakly acid solutions, 
e. g., on the perforated false holtorn of a tank, f'or example, at 
the rhur|UCComata mine in ( bile co|)per ore is leached with 12 
per cent sulfuric acid in concrete le.aching vats lined with mastic 
asphalt, and filtered through cocoanut mtitting laid between wsKideii 
planks.^^ 

Rubber. 

Rubber, one of the mo.st important manufactured organic 
materials, is chiefly used because of its uni(|uc physical proiK-rties, 
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but its chctnical inertness makes it very valuable fur special pur¬ 
poses in chemical :i])paratus. 'banks, pipes, centrifugal baskets, 
etc., are lined with both hard and soft rubher, not because of its 
(>hv.sical as much as because of its chemical characteristics. 

•Several manufacturers'''* have successfully applied soft rubier 
linings to all forms of cast iron, wrought iron and steel ai)paratus 
ranging from standard flanged ])i|)c through kettles and miscel¬ 
laneous a])paratns to cylindrical tanks up to si.x feet in diameter 
by fifteen feet long. The coating cannot be successfully applied 
to bniss or copi)er. Such appanitus will withstand the following 
maximum strengths of acids and acidic substances: 

Per Cent 


1 lydrocliloric acid . 3tt 

Siilfui'ic " 70 

t'lirondc “ iO 

Acetic “ 10 

I'Crrous chloride .. 50 


and any strength of the fftllowing: 

Oxalic .'icid tind oxtiltdrs 
Tartaric aciil and tartrates 
I'lin.spliorie acid and phosiiliates 
Seidiiini cldoride 

as well as any other approximately neutral salts, bhe lining is, 
however, readily attacked hy oxides of nitrogen and free halogens. 
The lining can in some cases he used at temperatures as high as 
130*’ 

b'or storing cold hydrochloric acid tanks have been successfully 
used that were lined with a kiyer of canvtis cemented to the wall 
of the tank, the itnier surface of the canvas being then jtainted 
with one or more coats of a solution of pure grim rubher in one 
of the usual rubber solvents. /After this had thoroughly dried, 
the tank was used without further treatment. 

Hard ruhber is u.sed, like .soft rubher, for lining metal ap- 
liaratus, but its brittleness is a disadvantage. I'nlike soft rubber, 
iiowever, it can itself be used for some kinds of apparatus such 
as .stop-cocks, punii>s, etc., without the necessity of a metallic 
or other backing. It is resistant to dilute acids, but attacked by 
strong concentrated acids and strong oxidizing agents. 

I lydrolluoric acid, because of its corrosive action on almost 
all engineering materials, including glass and all siliceous ma¬ 
terials, is difficult to handle in hoth the plant and laboratory. Lead 
(dfers some resistance, hut hard rubber eiiuipment is now manu¬ 
factured which the makers claim is far .suiierior to lead in its 
resistance to corrosion: the articles manufactured include pumps, 
pipe connections, tanks, etc.*'* 

For handling hydrolltioric acid in the laboratory transparent 
liakelitc graduates and pipettes have been used successfully; they 
are unattacked by 48 per cent hydrofluoric acid.**** 
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I''or smaller pieces of apparatus hotli liard and soft rubber 
are used, the former where ri^iditw the latter where flexibility 
is re(|uired, as in hose pipe. Special tirades must be used where 
chemical inertness is a refjuisite. 

Acid-proof Cements. 

Rubber is also an ingredient of somi* acid-proof ccincnis. amont; 
which th(“ followini;' is of use in the laboratorv for cementiui; 
j^lass ai)])aratus; 12 parts of raw linseed oil are heated and u 
parts of pure masticated rulibc'r dissolved in it; when (juite Ihiid 
the solution is W(H‘I<(“d into a stiff putty with i)ai)er stoc'k asbestos. 
'This ]>utty does not J4el hard or crack, and will resist the action 
(d hydro<^en chlori<le ^as. 

Another acid-])roof cement cinisists ol S lbs. Imk* lithar^r* and 
cS lbs. red lead mixtsl with 10 lbs. flock asbestos; small (juantititrs 
at a time are fed into a mixer with small (juantities of boiled 
linseed oil—0 (|uarts in rdl. ’’ I bis cement was used to caulk 
3-inch socket joints in a pipe line carrvinj.^'’ nitric acid of \/-N> 
|>er c(‘nl strength, and stood up nine months without a leak. 

Trinidad Asphalt. 

'Trinidad asphalt was fcntud in laboratory tests to be a sat¬ 
isfactory material to jn'event the (k'terioratin^ eTfect of acid on 
concret(‘ tanks, the s])ecific conditions to be met bein’;’ those found 
wlu“r(“ copper ores were handled bv a combined sulfuric aci<l and 
electrolytic method. 
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V. Bases and Alkaline Salts. 


'I'he term base was (in'fjinally applied te metal oxides, sueh as 
iron oxide, which formed salts with acids, Ijiit its meaniii'; has 
hccome extended (and hy some restricted) to include snhslances 
which when dissolveil i;ive alkaline solutions, i.e. solutions rich 
in hydroxyl ions, ()ll'. In other words, in solution hvdroxvl 
ion is the universal base. 'I'he reaction occurriiifi when caustic- 
soda is dissolved in water, (or ex.imple, is 

NaOll iVa'+ Oil . 

.Salts of wetik acids and strony bases arc hvdrolvzed in solution, 
and since the <acid formed is luit slii^htly ionized, an tilkaline solm 
tion, i.e. one rich in hydroxyl ion, is the result of the iiKjre or 
less complicated e((nilihri:i retiched. This may he approximately 
indictited in the case of sodium carbonate hv 

Na.,C(),, + jlh.O-» j,\a' + 2 ( )l 1 | I hCO,. 

.Salts of this character will he considered with the bases them¬ 
selves. 

The commonest soluhle htises met with industrially are 

('austic .soda sodium hvdroxide NaOIl 

Caustic ]xita.sh ])Olassium hvdroxide KOH 

ITydratcd lime etdeium hydroxide Ca(OlI). 
Ammonia water tunmonium hvdroxide Nllddl f 

The insoluble bases, such as ferric ccxide, b'e-d are for the 
most part inert towards the materials considered here excc|)t at 
high tcmiieratures, and will therefore not re(|uire ;is exten¬ 
sive discussion :is the soluble bases. W'ilh the exception of 
ammonia, the solutions of the bases in the above list behave very 
much alike in all chemical reactions, the chief differences being 
due to soluhilitv dirferences of the bases themscives or of the 
products resulting from their reactions with other materials. 
Ammonia, however, besides behaving like a weak base per .sc. 
can enter into a (iiiite different .series of re.'ictions throu.gh its 
ability to form complex salts and ions with a number of metals 
(e.g. cuprammonium sulfate, Cn( N f h, ).|S(),. 1 h.( ), and cupram- 
moniurn ion, Cu( N I hi) i'A, and under some conditions to he 
oxidized to nitrous acid among other products. 
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Bases and Metals. 

Solutions of the bases in water do not react appreciably with 
most of the metals (in fact the aihlition of a little sodium car¬ 
bonate to water tends to lessen its corrosive action on iron and 
steel), but the four common metals, aluminnm, zinc, tin and 
lead, are e.xce)>tions. I be oxides of these metals behave like 
weak acids towards sirotpt; bases, and the metals tbemselvi's dis- 
l)lace hv<lro{'en from solutions (d these bases, bor example ' 

_-Na( )l I + -’Al + -il IA > -'Nu.kK ). f .(H,. 
or in ionic terms 

2()I1- -H ->A1 I- _>i bO-> jAK ly -1 3 I 

Bases and Non-metallic Materials. 

'Towards industrial materials other than metals the bases, and 
especially strong' alkaline solutions like the caustic lyes, are very 
active. I'or e.xample they attack inorganic materials containing 
silica, such as glass, and decom|)osc many silicates with the 
formation of soluble sodium or iKUassium silicates; they attack 
as well most cl.asses of or.ganic materials e.xcept hydroc.arhons 
esix;cially .acids, esters and phenols or their derivatives, so that 
varnish gums paint vehicles and synthetic resins (e. g. rosin, 
linseed oil, llakelite) olTer little resistance to them. 'The anhy¬ 
drous alkalies, being strong (k'hydrating agents, <[uickly destroy 
or modify complex organic material such as llesh, wood, and 
textile libers, and their concentrated solutions are nearly as or 
more active. 

Iron. 

'The handling of alkalies and ba.ses in general in the plant or 
in making .shipments is much simiditled for the engineer, in 
comparison with the similar problem arising in connection with 
the handling of acids, by the inertness of most metals, especially 
iron, towards them. 

I'.oth for a|.)])aratus handling alkalies and for structural parts 
exjaised to their action iron is the most useful material. It 
receives its most drastic treatment in caustic fusion kettles, in 
which the temperature often exceeds .^oo'’ (i. I’nder these con¬ 
ditions the cast iron, of which the kettles are usuall;.' made, is 
attacked, and [irovision must be made in setting the kettle for 
ready renewal. 'The life of such a kettle may be, roughly, as 
short as two months or as long as two years, according to the 
conditions under which it is used. Since most failures of such 
kettles are due to their being burned out, their life is somewhat 
prolonged by turning them occasionally in their brick mount¬ 
ings so that the hottest (lart of the ll'ame u.sed to heat them 
strikes them successively on dillerent spots." 
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Cast iron is used for caustic fusion kettles liecause it has heen 
found to he less acted on hy concentrated solutions or ftised 
caustic soda. high ratio of gra|>hitic to total carhon ■' and 
the addition of 1-3 jk.'!- cent nickel to gray cast iron' favor its 
resistance to alkalies. I he action of alkalies on iron in cases 
like the ahoxc is ])rohahly due in part to the favoring catalytic 
acti(»n of alkalies on o.xidation under some conditions and in part 
to the removal of o.xides from the surface of the iron in the 
form of ferrates.'' It is said to he accompanied hv the evolution 
of hydrogen and preliminary sohttion of the iron as a green 
ferrous compound, followed hy preeijiilation <d' hrown ferric 
oxide.” .'\n e.x]>lanation adxaiu'ed to coxaa' the increased attack 
of strong caustic soda (31 jier cent) on iron when air is hlown 
through it is that under such conditions tlic iron is dissolved 
as a ]K*rferrate, e. g. Nah'eO,.' 

Under the action of dilute alkaline solutions up to the boiling 
point and of concentnited solutions at moderate tem|>eratures 
steel and ordinary ctist and wrought iron stand up well, the choice 
of materitil for a particuair ease depi'nding u|>on the physical 
chtiracferistics desired; ammonia, caustic soda and caustic potash 
solutions are commonly stored in tanks, handled with pumps 
through jiipes and shipped in drums all of steel or wrought iron. 
It seemed practicable at one time to coneentrate caustic so<la 
in steam boilers to a siK'cilic graxitx- of 1.13 to 1.J3, hut this 
pi actice had to he abandoned hecause of corrosion due to the 
presence of sodium sultide (N;r..S) in the Ii(|uor. When free 
of sodium sulfide, the cattstic li(|uors of this concentration did not 
act appreciably on the boilers.'' 

.\ non-corroding steel manufactured hy the Crueihle Steel t'o. 
is entirely unalfected hv caustic soda solution. (|uicklime or pasty 
J’ortland cement.'" 

( omincrcially purr iron behaves as shown in the following 
tables tow.ards ammonium hydroxide and sodium hvdro.xide solu¬ 
tions. In the test with ammonia water, all the test pieces were 
immersed in hot, concentrated ammonia water in the same xcssel 
for eight days, the ammonia being renewed daily. In the test 
with sodium hvdro.xide. the pieces weie immersed in a _'5 per cent 
solution at room temperature for 100 davs. 


.ACTION Ol' nor C0NCI:NTK.\TI:I) AMMOXIC.M ll^'l)KO\ll)K 
.SOl.li'riON ON IKIIN A.-VJI) ('(ifpp.r; 


I ntal AvtTa}.;o Loss, 

CiMiitiiorcially puru iron . 12.21 o.(yi4 

Mild steel . 4-./^ 0.222 

Metallic coijper . 628.7 3-^7 

ACTION Ol' 25 i’KK CF.NT SODIUM i 1 VDK()XI Dl-'. AT ROOM 
TICMIM'KAIH'RI': 


Total l.os''. 


C.'ominercially pure iron . 5.19 

Mild steel . 24.11 


.\\ erar l-oss, 
^./in.Vluiur 
O.02t6 
0.100 
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Ferrosilicon Alloys. 

These alloys, .such as Duriruii, that are so resistant to acids (see 
!>. 36) are quite different from ordinary grades of iron in 
their behavior towards alkalies, which readily dissolve the silicon, 
thus disintegrating the whole mass; a few,grams of solid caustic 
soda placed in the bottom of a Duriron test dish in a moderately 
heated muflle furnace will dissolve the bott(jm out in twenty min¬ 
utes. This is so characteristic of all alloys of this class, that their 
reaction with alkalies has even been used for the commercial 
manufacture of hydrogen:'-' 

.Si + 2NaC)I[ + H .,0 — Na^SiO, -f H... 

Scale .—While metallic iron is not strongly attacked by alkaline 
solutions, lifiiling soda and caustic soda solutions are useful for 
cleaning scale from iron and steel in cases where the use of 
acid is e.xclttded. This action may be due to a number of causes 
depending chietlv on the composition of the scale (whether, for 
example, it contains lime or other salts). Where the scale is 
old rust, the formation of ferrates may be a factor, though the 
major portion of the scale is dislodged and not dissolved. 

Lead and Other Metals. 

Since lead is etisily attacked by the alkalies, special care must 
be taken wherever possible to |)revent this attack in apiiaratus used 
successively for different liquids or for solutions varying in re¬ 
action, as for example, in neutralization tanks with lead acid lines 
and le;id fittings. 'I'he action of very dilute alkalies is not marked, 
so here the consideration mentioned in a previous chapter comes 
into i)lay: plant o])eralion will be different in the case where the 
products must be kept free from appreciable traces of lead, from 
what it will be where only the avoid.ince of unusual wear on the 
apparatus is the aim; in the latter case more latitude of handling 
may be permitted. The same is true to a still greater degree 
where aluminum is concerned, but solid, dry caustic soda or jxjtash 
arc said to be without action on this metal even at a dull red heat. 

The action of dilute alkaline solutions at room tenqxirature is 
shown in the following table, the conditions of the test and the 
metals used being the same as those in the experiments de.scribcd 
on p. 48.'^ 

THE ACTION OF o.j N .SOLUTIONS OF BA.SES ON MF.TAI..S 
.AT 17-20° 

Losses in Uuams 1’eh Square Meter 1’er Hour 
A. .Icliou of (A liter (if soUdion rciirwcd dally for 7 day.^. 


Metal NaOH NH.OH N.a-TO, 

Zinc . 0.18 0.21 o.oi 

Ca.st iron . 0.00 0,00 0.00 

Wronnht iron . 0.00 0.00 0.00 

Aluminum . 12.00 0.21 0.48 

i.ead . 0.60 O.OI o.(X) 

Copper . 0.00 o..-io 0.00 

Tin . 0.18 0.00 0.00 

Nickel . 0.00 0.00 0.00 
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B. Action of yi liter of solution for oS days, not rcneoecd. 


Metal NaOH Nil,OH Na.CO, 

Zinc . U.03 0.03 0.00 

Cast iron . 0.00 0.03 0.00 

Wrought iron . 0.00 000 0.00 

Aliiniinuin . 0.30 0.00 n.02 

head . o. 10 0.00 o.oi 

Copiicr . 0.00 0.05 o.ofj 

"I in . 0.08 0.00 0.00 

Nickel . 0,00 0.00 0.00 


•A cuiiiparistni of the uclioii of the three different solutions 
shows tliat annnonin and sodium carbonate act as weak bases 
in comparison w'ith the .stronif base sodium hydroxide. Altt- 
niinitin is e.xceedingly suscejilildc to the action of dihite sodium 
liydroxide, and leail is next, follow'ed by zinc and tin. d'he action 
of ammonia on copper is explained i)y the ready formation of 
comple.x ions and .soluble salts of the ty])e above mentioned 
(( n(Nir;,),j") which results in the solution in ammonia water of 
any coating of salts on the metal, and by the fact that ammonia in 
the presence of air and moisture attacks the metal itself to some 
extent, nitrites beiiift amont;' the products formcil.'- 

rcrfectly dry ammonia t;as, NI I.i, docs not act on iron, copper 
or alnminum at ordinary temperatures, but at hi.uh temperatures 
some metals re,act with it to f(jrm nitrides ,\1n:,N:. forms at 
8()()'k ( r.Nj forms at 850“. W forms no nitride hut decom¬ 

poses some :immonia at hieh temperatures. 1'i forms a com- 
])ound insolulde in water or hydrochloric acid. Pb and Sn are 
frosted .ind blistered at 170“; no nitride is formed, hut some 
ammonia is decomposed. Zn and Cd form nitrides. 

Alkali Resistant Alloys, 

On account of the resistance of iron to alkalies and alkaline 
solutions there has not been the same necessity for developing 
alkali-proof alhjys as there has heeii for developing alloys re¬ 
sistant to acids. The hehavior of the latter towards alkalies 
varies, ferro-silicon (as has been mentioned) being easily attacked, 
while stellite (50-60 per cent Cohalt, 30-10 per cent Chromium 
and 8-20 per cent tungsten) and nichrotne are unattacked. The 
followin.g table gives the conditions under which nichromc was 
tested; 

ACTION OF 4 iVI .SODIUM HYDROXIDE SOLUTION ON 


NICllROMR 

Loss in ff./ni.Vhr. durir.g the periods 
Teniperatnre 0-48 hr. 48-72 hr. 72-142 hr. 0-i4.;hr. 

25° . 0.00 (i.oii 0.00 (\oo 

lajss in g./ni.Vh- in 4 hours 

95-98° . 0.07 
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Monel metal resists well the action of ammonia, solutions of 
ammonium hydroxide, fused and dissolved caustic alkalies and 
carbonates.’ 

In general the action of alkaline solutions on the common 
alloys may be predicted qualitatively from tbeir actions on 
the comjxmcnts of the alloys separately, I'hus brass condenser 
tubes are attacked by strongly alkaline water because of the zinc 
they contain, and by ammoniacal water because of their copjxjr,’® 
anodes of ferro-manganese are deconiiwsed in electrolyzing caustic 
soda solutions with the formation of perijianganate at temix;ra- 
tures up t(j 95° and of manganate at higher temperatures,*' etc. 


Noble Metals. 

Of the noble metals, platinum reacts with fused caustic 
alkalies, but not appreciably with their carbonates; gold is more 
resistant. The addition of sodium peroxide, Na^O^, greatly 
increases the rate of action on the metal. scries of experi¬ 
ments in whicli 5 g. of NaOl 1 and KOH respectively were 
fused in crncililcs of varying composition over an alcohol lamp 
(used to eliminate the effect of sulfur whose action would be 
felt if illuminating gas were ttsed) gave the following comparable 
re.sults:'" 


la 

lb 

2 

.•? 

4 

,S 

6 

7 

8 
9 

10 

11 


C()m|)ositioii of Crucible 

I’lire ft, old . 

“ “ new . 

95 I’t. 5 Ir . 

yo “ 10 " . 

y8 “ 2 Cii. 

Pure An . 

75 “ 25 Ai; . 

10 “ 90 " . 

88 " 12 Pt . 

60 “ 40 Pel . 

70 “ .30 " . 

73 “ 27 “ (rliotaniuni) .. 


Losses in 1 

Cirains with 

NaOlt 

KOH 

0.034 

0.130 

0.024 

O.IIO 

0.046 

0.135 

0.07s 

0.141 

0.035,5 

0.0895 

0.005 

0.0065 

0.0035 

0.003 

0.0045 

0.0065 

0.0065 

O.OII 

0,0005 

0.001 

0.0005 

0.001 

0,0002 

0.0002 


Ihe losses with a NaT), and NaOH mixture were studied 
with crucibles 9 and to. 'I’lie losses increased with an increase 
in sodium ]XToxide content, and were less when chromite was 
pre.sent (as in an analytical operation), llctween 62 and 65 per 
cent of the jx-roxide was required in the mixture for the com¬ 
plete decomposition of the chromite. • 


Losses in Grani.s, 

Crucible Without Chromite With Chromite 

9 . 0.5,37 O.T47 

'o . 0.634 0,493 


On decomposing P.a (NOj), at 825° C, the losses were: 

Crucible Losses in Grams 


la . 0.0075 

. 0.0035 

2 . 0.015 

3 . 0.023 




















BASES AMD ALKALINE SALTS 


129 


Non-metallic Materials. 

Silicious Materials. 

IVIo.st materials containing silica, a category including concrete, 
glass, tiles, enamels, etc., are attacked more or less rai)idly liy 
alkalies and other bases, though the great insolubility t)f most 
silicates makes the action slow at ordin.ary tein|)eratnres and with 
dilute solutions. I'or example, fused silica, an extremely in¬ 
soluble and resistant subsitmce. is .attacked strongly at high tem- 
Iteratures by caustic alkalim ami b.isie metal oxides, such as the 
oxides of copper ;uid leail.'-' hut concrete t.inks, consisting kirgely 
of a mixture of e.alcinm and tdnminnm silictitcs may he used for 
the storage of dilute alktiline solutions if they .are cold.^ In the 
latter e;ise there is a slow reliction between the ingredients of 
the cement and the solutions, during the course of which the 
strength of the concrete gradnally increases to a maximum and 
then falls oil'.-" 'I'he eienfual disintegration of the concrete (a 
matter of years with dilute solutions) is due to the formation of 
products more soluble than the original cements. 

Glass. 

When alkaline solutions come in contact with glass, especially 
if thev are hot and concentrated, they dissohe and etch the sur¬ 
face of the glass; the action is \vry much greater than that of 
acid solutions under similar conditions. The following table'-' 
shows the action of aminoni.a and sodium carbonate solutions on 
eight glasses whose analyses .are given on [>a,ge p8. 

r.O.S.S IN MII.r.UlkAMS I'XDt.Ktili.NI-'. I'.V ('11 If .\1 IC.A I. (d.-A.SS- 

\V;\kH ON lilfl.NIG 'I'RIf.A'rifD VVITII aor) C.C. Ok Kk.Atik.Nf 
AT 'J'ttk BOILING r|.;M i'j.;RATl'kl': LOR TIIRI’.lf IIOUILS 


Soiliiini 



Sfiniplc 

.Aniin"nia soC' 

CarlumaU' 

A 

iMCllcll . 

. 10,0 

20.5 

B 

“ 

. o.s 

51.0 

c 


. 8-5 

27.11 

I) 

Jc'iiu . 

. 4.‘> 

14.0 

F 

Kasiia, lioiu'iiiia . 

. i 2 .S 

122.0 

F 

Kavalicr, “ . 

. 8.0 

io3^> 

r. 

'J'huj iiiuiaii . 

. 5-0 

27.0 

II 

“ 

. ().!' 

37-0 


Comparative tests carried out at the liureau of .Standards on 
the behfivior of seven glasses towards alkaline solutions resulted 
in the following grading: 

ACTION OF ALKAI.INF SOI.1'TK).\'.S ON I.AIiOKATOKY 



GLASSWARK 

.Alkali 

CarliniiaU'S 

Causfir 

Alkalies 

AninMtiiuoi Sal 
and Ammonia 

Kavalicr . 

. I’ 

G= 

G’ 

Alacbelli Ikvans .. 

. ir 

G' 


PyrcK . 

. ( 

. (? 

F 

(. 

ft'tia . 

F 

Km 

Nonsol . 

. G' 

I- 

G 

Fry . 

. (T 

F 

G 

Libbey . 

. G= 

F 

G 
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(i: fjdocl; 1 ': fair; P: poor. I''.\poneiits indicate order of excel¬ 
lence, I being best. 

.•\nalyses of tliesc glasses are given on page 99. 

In another investigation the following glasses (for analyses 


see page 101). 

A Prewar Jena 

It - 

C hritisb 
1 ) 

F, 

F-J- 

K Ja.oaiK'sc 
L Nniisnl, American 
^[ Insolo, “ 


N Frey, American 
0 Pyrex, 

P Resistance R, (ierman 
Q Kohn. Ithrenfeld, (ierman 
R Kavsilier, “ 

T Insol, American 
U Zsuoia, German 
V Macbetli-Evans, American 


were tested for their resistance to alkalies by heating for 3 
hours at 100° C. with (a) 2\ NaOII, (b) 0.1 N NaOIf, and 
(c) o.iN Na-CO;., and repeating in each case three times. 'I'he 
glasses were graded as good, moderate and bad, tbe limits in each 
class, expressed as milligrams loss per square decimeter exposed, 
being: 


(iood ... 
Moderate 
Bad .... 


2 N NaOH 
2:tS-8-3i2-5 
.! 4 ,t .4 dS/'.t) 
470-.t 


o.i N NaOil 
41.0-65.4 
84.4-148.3 
iii.,3-i,36.8 


O.I N Na,CO:, 
>•4.1 96.8 

]o8,r-i53.3 
.>63.3-600,7 


and the grading as follows in descending order of excellence in 
each class: 


GKAniNG OF l.ABORATORY GLASSWARF ACCORDING TO ITS 
RICSISTANCK TO ATTACK AT 100° C. 


(irade 
(iood . 


.Moderate 


:N .\a01l 
G 
P 
T 

n 

Q 

V 

s 

B 

N 

E 

T, 


R 

K 

C 

M 

F 


I 

O 

J 

A 


T-T 


O.I N NaOll 
O 
G 
T 
F 

n 

V 

N 

B 

E 

C 

M 

A 

P 


O.I N Na,CO, 
D 
O 
E 
P 
C 
F 
V 
I, 

B 

A 

T 


R 

I 
O 

s 

J 

II 


G 

N 

M 

O 

I 

J 

s 

R 

H 


Bad 
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Porcelain. 

Porcelain, like glass, is attacked and etched h)- alkalies, though 
ill general it is more resistant than glass. 

Asbestos. 

Asbestos cloth diaphragms, specially prepared to resist the action 
of both strong alkaline solutions and chlorine, have been used 
ill electrolytic cells (or caustic potash.-* 

Organic Materials. 

(df the organic materials that call fur consideration wood ;md 
rubber are undoubtedly the most important from an engineering 
])oint of view, with the textiles a close .second. 

Wood. 

Idle action of various basic solutions on wood has been studied 
in the same manner as that of acid solutions (see p. 104).-'' ddie 
relative effect of six woods on the color of solutions contained in 
tanks made of them is shown in the following table on a scale of 
4, in which 1 indicates little and 4 strong coloration. 

Rld.A'riVli EXTRACIION Ol' fOLORINd M.ATTKR I'ROM 
WOODS ItV .M.KAI.TNF, .SOI.UTtONS 


bong 

Leaf Douglas Rt'd-- I lard Wiiitc 
Solution Cypress fine Fir wocjd Maple Oak 

1% NaOII . ..2 j 3 3 3 3 

Concentrated NaOII . 3 3 4 4 4 4 

Satd. Ca((.)II)2 . 222323 

NT hleaeliiiig [lowder. 1 2 2 2 2 2 

Na.S . 4 4 4 4 4 4 

.S',: NasCO: . 2 .1 3 3 3 3 


'Idle relative, absorption of these solutions bv the same woods 
is shown on the same scale in the following table; since no re¬ 
lation between the concentration of the solution and the amount 
absorbed was a])parcnt. the results are averages for several con¬ 
centrations. 

KKI.ATIVF ATCSORPTION OF ALKALTNE .SObUTlON.S 
BY WOODS 
Long 

Douglas l.oaf Red- Hard White 
Cyiiress I'ir Pine wood Maple Oak 

Solution Hot Cold Hot Cold Hot (Add Hot Cold Hot t old Hot Cold 


NaOH . 4 4 4 4 3 4 4 4 4 4 4 4 

NasCO,. 4 2 4 3 4 4 4 4 4 4 3 3 

Na-iS . 4 4 4 4 4 4 4 4 4 4 4 4 

Ca(011)2..4 4 4 4 2 2 4 4 4 4 4 4 

Bleaching 

powder ..222222334422 
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The effect of these solutions on tlie pliysical properties of the 
woods is shown in the following table in which arc summarized 
the statements of the investigators. A minus sign indicates no 
appreciable effect on the wood, while a positive sign indicates 
attack of some sort, such as brittling, .softening or undue shrink¬ 
ing. Signs in parentheses indicate conclusions by inference from 
the authors’ direct statements. 






EFFECT OF SODIUM HYDROXIDE SOLUTIOXS OX WOOD 
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Rubber. 

Rubber is extremely inert biwards albalies, and pure vulcanized 
rubber in tbe form of hose, tubing, stoppers or the lining of 
chemical apparatus, such as pipes, tanks, centrifuge baskets, etc., 
(see page 120) successfully resists the acti'on of strong sodium 
liydroxidc or carbonate solutions, ammonia and ammonium salts,'-** 



Caus+ic Soda NaOH, Per Cent. 

Fig. 19.—Expansion in NaOH at Different Conccnlratiniis. 

Textiles. 

As was ix)inted out in the previous chapter the common textile 
fibers of respectively animal and vegetable origin are sharply 
differentiated from each other by their behavior towards acids 
and alkalies, cotton, for example, resisting the action of alkalies 
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well, but bciiij^ easily destroyed by dilute acids, while wool, on the 
other band, is destniycd by alkalies, and but little affected bv acids. 

Cotton. 

While cotton is not easily destroyed by alkalies, the liber un¬ 
dergoes a marked change when treated a short time with eokl 
concentrated sodium hydroxide solnlions—Mercerizalion. 'I'he 
liber ae(|nires a luster resembling that of silk. ;ind at the same 
time shrinks. Since dillerent yarns varv in their behavior con¬ 
siderably, the concentr.'ition of sodium bvdroxide used to pro¬ 
duce this etiect is likewise varied, the limits being in the neigh¬ 
borhood of 15 and 30 per cent.-' Weaker solutions i>rodttce no 
r isible chatige eveit when hot ; experiments in which crude cotton 
])icce goods were tre.ated on the jigger with re.s])cc.tively 5, S 
and 13 per cent sodium hydroxide, well washed, boiled out tmder 
jtressttre, tind hleacht'd, showed no ntercerization, hut some loss 
in weight and a slight increase in tensile strength, probably dtie 
to the formation ol some hvdrocclltilose froiti the cellulose td’ 
the hher.-- ( )ther slnmg h.ascs behave simikirlv to sodittm hv- 
dro.xide: e. g., potassium, lithitint and tetramethr l aitimonittm 
hydroxides (K()ll, Lit III, ( Cl I-) ,NOI I), the latter a stihstittited 
.ammonittm derir.'itive(see lielow). 

,'\nintoni;i tilone. being ;t we.ak liase, has luj effect on cotton, 
hitt an timittoniacal solittion of copper hydroxide dissolves the 
liber. ;is ihies a itiixlitre of sodittnt or potassium bvdroxide and 
carbon disttllide: .'in timittoniacal sohition of nickel oxide .scarcelv 
dissolves cotton (cf. silk, below). 


Wool. 

X'ery dilute alktdine solutions weaken the wool fiber, and boil¬ 
ing 5 P'-'i" sodium or jtotassium hydroxide com|’)lctely dis¬ 
solves it. If wool is warmed with 1 per cent sodium hydroxide, 
dantage is aitparent at 40" : at /0° the outer layer of the fiber 
is loosened, and in 15 minutes at Xo” the separation of the out¬ 
side layer is complete. Hot, strong sohttions of ammonia are 
ixtrceptihly harmftti, and it is probable th.,t scottring baths con- 
taiiting tis much as 10 per cent sodittm carbonate tire responsible 
for some .accidental dama,ge.'" Weakly alkaline soil]) baths kept 
below fio" arc harmless. 

Strong sodium hydnixide solutions 140-50 [ler centfat ordi¬ 
nary temperatures have (|itite a different effect, producing chaitges 
similar to those occitrring in the mercerization of cotton (see 
above) and increasing its tensile strength." 

The destructive action of dilute alkalies on wool is accounted 
for, according to one theory, by the existence of a carbohydrate, 
elasticum, between the .scales (])late cells) and body (liber cells) 
of the liber,'which is resixmsilile for the felting |)ro|)erties and 
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much of the strength and flexibility of wool, 'rreatnient of the 
liber with 2 per cent sodium hydroxide at 25" or less for 24 
hours is sufficient to rcmo\'c all the elasticum from the fiber, 
thus destroying its felting properties and making it weak and 
brittle.-'- 

Silk. 

Silk is.more resistant to dihite alkalies than is wool, but the 
fiber is dissolved by solutions of alkaline hydroxides, ammoniacal 
copper or nickel oxi<les, and basic zinc chlorides.'^ Ammonia 
alone bas no effect. In contradistinction to wool and cotton, silk 
is also dissolved by an alkaline solution of copper sulfate in glyc¬ 
erine (1O g. copper sulfate and to g. glycerine arc dissolved iti 
150 c.c. water, and :i sodium hydroxide solution is added until 
the first formed precipitate is rcdissolved).“^ Ikiiling hard water 
or alkali carbonate solutions make the silk fiber brittle. 

Paint and Varnish. 

Strong caustic alkalies attack and ()uickly destroy ordinary 
paint and varnish surfaces by saponifying and jiartly dissolving 
the esters and acids that largely constitute paint veliicles and 
varnish resins; weaker alkalies, such as ammonia and weak alkali 
carbonate solutions, attack paints ,and varnishes more slowly but 
with an eventual deteriorating effect. For this reason sodium hy¬ 
droxide .solutions are often tised for removing old paint frian 
.surfaces to be repainted; and for the .same reason in washing 
jiainted surfaces, especially gloss stirfaces such as those of auto¬ 
mobiles aiKl carriages, the use of soa|i has a deteriorating effect 
unless the soap is neutral and contains no free alkali or alkali 
carbonate. 

Ptiints made with an asphaltum base dissolved in a hydrocarbon 
vehicle arc more resistant to the action of alkalies. 

Artificial Resins. 

The most widely used artificial resins, the jihcnol-formaldchydc 
condensation products, are also attacked by alkalies, though much 
less vigorously than the natural resins. Strong liotling caustic 
soda solutions will disintegnite even those products carried to an 
advanced .stage of condensation, that is tintil they are infu.sible 
and insoluble in organic solvents at ordinary temperatures and 
pressures. 

Other Alkalies. 

It remains to mention briefly a few alkaline substaiccs that 
are not commonly met with commercially. Besides the metallic 
oxides and hydroxides, the other bases (for the purixtse in hand) 
are all nitrogen compounds, and derived from the three sub¬ 
stances ammonia, hydroxylamitie and hydrazine (NH.,, NH-OH 
and N.H,). 
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Substituted ammonias or aninioniuni conipouiuls arc those in 
which some other element or group of elements tahes the place 
of one or more hydrogen atoms_of the ammonia molecule. 
Sodamide (NaNlh.) is a .solid suhstance which reacts violently 
with water, exjilode.s when ground in the air, and is used 
in organic syntheses because of its reactivity with organic 
compounds. Monomethyl-, dimethyl- and trimethvl amines 
(NILCH.t, NH(Cll3)2 and N(CH3),.,), as well as the correspond¬ 
ing ethyl (C.IIj-) compounds are gases or vohitile liipiids resem¬ 
bling ammonia chemically, while the related tetraniethyl am¬ 
monium hydroxide (N(Cll3)j()lI) corresponds to ammotiiuni 
hydroxide in structure but resembles the solid caustic alk.alie.s in 
behavior. Both it and the corres()onding ethyl coin])outid are 
strongly basic solids. 

11 ydrn.vylaniinc (NIToOtl), a white volatile solid whieh e.x- 
plodes when heated, atid its hydrate (N 11 ;, 0 .()II) are bases, htit 
weaker bases than .atninonia and ammonium hydroxide. 

Hydrazine hydrate (N^ll.,. 1 h.()), a white solid formed by the 
addition of water to hydrazine (N^H.)), is a strong and corrosive 
base that attacks glass, rubber, cork .and other substances. It 
ffjrins inatiy comple.x orgatiic derivatives. 

lle.vamethylenelelraiiiiiic (('ILIkN^ is a white, crystalline pow¬ 
der that acts as a weak base, and has recently become important 
bcc.ause of its use in synthetic resins, as well .as for various other 
purj)oses. In aepteous solution it att.acks iron and is best htindled 
in enamelled iron ef|uipment. It .als(.) tittacks aluminum, copper, 
.Monel metal and letid. Iron cont.iiners, however, .are used for 
shij)i)ing the solution without apii.arent harm, owing to the forma- 
tioti of a film which resists further att.ick.'' 
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VI. Neutral Substances. 


r.fsidcs the acids and bases and their more or less acidic or 
liasic salts, many snl)stanccs that for the purpose in hand may 
he called neutral have an interest for the industrial chemist or 
cnftineer hectinse of tlieir chemicrdly deslrnctive action on en- 
jtineering materials ; chief anioii!.; these arc the hahipens, chlorine, 
bromine and iodine, and their orttanic anil inorg.niic derivatives. 
O.xygen and snlfnr may he added to the list, and in certain 
cases some of the metals themselves come in for consideration. 

Halogens. 

The halogens .attack all metals .and mtiny non-met.allic elements, 
as well as most organic snhstances, Imt the |iresence of some other 
snhstance acting .as a catalyst is usually ni'cessary in order that 
the reaction reach an ap|ireeiahle velocity. Dry lic|nid chloianc 
.acts so slowly on iron and steel at ordintiry temperatures that it 
is commonly stored in steel cylindei's anil tanks under pressure. 
In addition to wrought and c.ast iron and steel, the mettils copper, 
zinc, lead, and the alloys brass and phosphor-bronze are unacted 
on at moderate teni|K‘ratures by dr\' chlorine either alone or in 
contact with strong sulfitric .acid.' liromine and iodine are 
chemically similar to chlorine, hut are less re.activc in the order 
named; the most active halogen, llnorine, is technically unim 
l)ort.anl. 

Water is the commonest catalyst favoring the .action of halo¬ 
gens on metals. When chlorine dissolves in water, it re.acts to 
form small amounts of hydrochloric and hy|)ochlorous acids. 
(UC'l, ITCIO) : 

(T + Ih.t ) Ilt'l h Ih'K ). 

The latter is unstable and an .active o.xioizing .agent, Chlorine 
water, therefore, containing chlorine, hydrochloric and hypo- 
chlorous acids, is strongly corrosive, and hv virtue of the above 
reaction or some more obscure catalytic effect of small amounts 
of water, moist chlorine readily attacks metals. The difference 
between moist and perfectly dry cldorine is illustrated by the 
fact that thin copper foil (Dutcli leaf) ignites and Imrns spon¬ 
taneously on being introduced into an atmosphere of chlorine 
containing a trace of moisture, while in dry chlorine there is no 
apparent reaction. ' Monel metal resists the tiction of drv chlorine 
fairly well. 

At high temperatures even dry chlorine unites vigorously with 
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metals, and iron and aluminum, if heated sufficiently to start the 
reaction, burn violently in it. 

'I'ile and chemical stoneware are used largely in handling 
chlorine and bromine at atmospheric pressure, and stills for the 
production of chlorine from hydrocliloric acid and manganese 
ore were made of siliceous sandstone often impregnated witit tar. 

V^cry few, if any, of the technically used organic comixiunds, 
such as rubber, ixiints, etc., are able to withstand the action of 
free halogens. 

Acyl Chlorides. 

The halogens form a series of compounds, the acid or acyl 
halides, that may be considered derived from the acids, inorganic 
and organic, by the substitution of one or more balogen atoms 
for one or more acid hydroxyl groups. In this scries the chlorine 
compounds are of considerable technical importance. .Some of 
these com]rounds with their melting and boiling [wints are given 
in the following list opjiositc the acids to whicli they are related. 

Acid Acid Chloride M.P. B.P. 

C.srl)onic, CO(OH), . Pho.sKonc, COCb . 8° 

Ortho - silicic (hypotheti- .Silicon tetrachloride, SiCb . -8o° 57 

c,il), SifOIDr . 

Ortho-titanic, TifOII),... Titaninin “ TiCb. -25 136 

Stannic acid, SntOH)*.... Stannic chloride SnCb. -.33 120 

Ortho - phosphoric (hypo- i’hosphorns pcntachloride, PCb 148 
thetical), P(OII),. 

Ortho - phosphoric (ordi- “ oxychloride, POCI„ 2 no 
nary), PO(OII),. 

Phn.sphorons acid, P(OIl)3 “ trichloride, PCt, .. -112 yrt 

Sulfuric acid, SOi(OtI)2. Snlfurvl chloride, SO.Cl.. 71 

“ “ “ . Phosphoni.s pcnt.achloride, PCI,... - 14(1 

Pyrosnlfiiric acid, Chlorosultonic acid, SOs.OIl.CI. ... 158 

S,Or.(On )3 . 

.Sidfttrous acid, .SOtOtT)^ Thionyl chloride, SOCI,.. ... 78 

Sclenic acid, Se 0 .( 01 I)i.. Sclcnyl chloride, ScOjCb. 

Acetic acid, CtljCOOIl.,. ;\cetyl “ ClbCOCI. .s6 

All these chlorides, with the exception of phosphorous |X‘nta- 
chloridc, are litiuids easily (some explosively) hydrolyzed by 
water to hydrocbloric and tbe mother acid. In contact with water 
or moist air they are, therefore, corrosive towards metals affected 
by these acids. When dry, however, they react quite differently. 

Sulfttryl chloride scarcely reacts with the heavy and the noble 
metals at ordinary tem|)cratures, and the Germ.an railways have 
authorized the substitution of shipments in steel tank cars for the 
previously authorized .shipments in 60 kg. gla.ss carboys or 500 
kg. drums. At higher ternix'ratures, however, reaction occurs 
with iron, platinum and gold, with the formation at i50-t6<j° of 
FeCl.i, PtClj and AuCh, resiyectively; no reaction occurred with 
silver, zinc or cadmium. With mercury the reaction proceeds 
according to the equation: ^ 

Hg + SO2CI2-> HgCl- + SO,. 
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Thionyl chloride reacts with iron, hisniiilh, gold, tin, antimony 
and arsenic in sealed tubes at 150-2<X)“ according to the equation; 

3M + 4SOCI, ^ 3MCL + SO, + S,C 1 , 
or with excess metal according to: 

3M + 2SOCI,-» 2Al('h -4- i\lS + SO, 

where ]\1 is a bivalent metal i' . an excess of thionv! chloride is 
present, beyond that called tor by the first eciuation, the lower 
chlorides of iron, tin and antimony are oxidized to the higher. 
Zinc, eadminm, magnesium, chrcjininm and nickel do not react at 
or below 200“.‘ 

Some of the jioison gtises developed during the Great War 
consist of or contain one of the acid chlorides listed above. I’hos- 
gene, silicon tetrachloride, litaninm tetrachloride, and chloro])icrin 
(CNO„CI;,) mixed with tin tetrachloride have been kept in closed 
iron containers a minimum of 20 months without change 
and without appreciably attacking the iron. Musttird gas 
((G,! I iGl),S) shows less change than might he exiK'Cted.'' 

.Sulfur monochloride (.S,CI,). a reddish vellow li(|uid boiling at 
I3M°, resembles the acid chlorides in being a reactive substance 
easily hydrolyzed by water : 

2.S,GI,-f-2ir,(,) -> SO, f qlici-I-3S. 

It is very corrosive, att.acking, for example, iron, tin, aluminum 
and mercury (moisture absent?) to form the cairresponding chlo¬ 
rides, and its vapor reacts with metal oxides at high temix-ratnres,'’ 
A solution of sulfur in sulfur monochloridc is used in the cold 
vulc.anization of rnbber, 

'I'he acid chlorides, esix'cially those of the sulfur, selenium and 
phosphorus acids, attack many classes of organic com|)ound.s, 
either dissolving them without dee]i sealed chemical change, or 
replacing oxygen (;t' 0 ) or hwlro.xyl (•G()ll) groups with 
chlorine (iGCl, and C'C'l), .Several recent patents have been 
granted for the i)reparation and use of selenyl chloride as a sol¬ 
vent,’ 

Organic Halides. 

,'\ large class of organic compounds e.xists, many of who.sc 
members are of considerable industrial importance, in which 
one or more hydrogen atoms of a hydrocarbon molecule have been 
replaced by one or more halogen atoms. Many of these com¬ 
pounds are used in organic synlhe.scs because of their reactivity, 
while others find technical apidication because of their solvent 
powers. Chloroform, CIlCl.-,, carbon tetrachloride, CCI4, Dutch 
oil, CblDCI., and benzyl chloride, CcHiiClfAI, are c.xaiiiples of 
this group, all characterized by the fact that they contain car¬ 
bon and a halogen, with or without hydrogen. Other substitu- 
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cuts may be present, as in chloropicrin, CCI3NO;, monochlor- 
acetic acid, CH2CI.CO..H, etc. 

An extensive study has been made of the action of these com¬ 
pounds on metals because of the imix)rtance of their behavior in 
metal containers.* 'I'he results of preliminary experiments showed 
that carbon tetrachloride does not react wifh nor corrode iron, 
tin or copper if moisture is absent; when the carbon tetrachloride 
is moist, there is corrosion, and hncn aqueous ammonia is present, 
the corrosion is very rapid. Ihtrther experiments warranted the 
qeiKU-alization that, with certain exceptions!, organic halides in 
contact with aqueous ammonia acted corrosively on cop[>er (and 
probably on other base metals), if they contained a (rihalo- 
methyl group in the molecule, CX3 (where X = chlorine, bro¬ 
mine or iodine). In the following table a number of compounds 
are classified according to their power to dissolve copiier in con¬ 
tact with strong aqueous ammonia at room temirerature.'' 

.ACTION OF ORGANIC HALIDES AND STRONI, AQUEOUS 
AMMONIA ON COPPER A'l' ROOM TEMPICRATURli 

No Solution 
F.thyl bromide, CiHiBr 
Elliyleiie bromide, 

(Cl I dir). 

Ethyl iodide, CalL,! 
Bcnzvl chloride, 
G 1 LCI[,C 1 ^ 
Epieldoroliydriu, 

C 1 I,.CH.C 11 ,C 1 

.Allyl bromide, C»H«Br 
Monochlnracotic acid, 
CU,Cl.CO,H 
Tctrachlorethyleiic, 
(CCh), 

p-Uichlorobenzeiie, 
C,II,CI. 

p-ChlorotoUicnc, 
C„ltXII,.Cl 
Tribroniophenol, 
GILBrjOH 

The use of silver electrodes for electrolytic determinations of 
copper has been made possible by the discovery of a suitable 
solvent for the copper, the lack of such a solvent having been 
the chief drawback hitherto; an ammoniacal solution of am¬ 
monium trichloracetate (CCI3.CO2NH4) dissolves the copper 
from the electrode, leaving the silver unattacked and con.sequcntly 
unchanged in weight.” 

Chlorinated hydrocarbons arc almost insoluble in water but 
unless specially treated contain a certain amount of moisture. 
T'hey are very stable substances, resisting the action of a large 
number of chemicals, yet in the prc.sence of moisture and under 
the influence of heat many of them are liable to slow decomposi- 


Rapid .Solution 
Carbon tetrachloride, 
CCk 

( hioroform, CIICL 
Bromoform, CllBr, 

I lexachlorcthane, C.jCl, 
Pcntachlorcthane, 
CdlCL 

Chloral, CCh.CHO 
Chloropicrin, CCLNO, 
Ethyl trichloracetate, 

CCU.CO,.CJl 5 
Dichloroacetic acid, 
CIICh.Cq,H 
Trichloracetic acid, 
CCh.COJI 


.Slow Solution 
Iodoform, CTdT, 
Ethylene chloride, 
(ClLCl), 

Ethylidenc chloride, 
ClL.CHCk 

Acetylene tetrachloride, 
(CHCL), 
Benzotrichloride, 
Cdln.CCl, 
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tioii, especially if they are impure. Data on carbon tetrachloride 
and tetrachloroethane are given in the following table: 


Carlion 

Tetrachloride retrachloroetlianc 

l•"rmllla . CCh CllCh.CtlCh 

Color . Colorless liquid ( (dorless liquid 

Properties . Heavy vapors, non- 3 limes as toxic as clilorci- 


iull.immal)le, poi- form ( Velley. Roy. Sue. 

soiioiis I'roe. iqio, 217 

225). Slightly an.'es- 

tlietie (Clement and 

Itivien, C. & P. nno. 
4021). 


.Specific gravity. 1.58,15 1,60 

Boiling point. 76.74° C. 147° t.'. 

Solnhility .Mcoliol and ether; .\lcohol and ether; water. 

water, sliglillv insohilile 


.V series of e.xperiinents was carried out to a.scertain the effect 
of these hydrocarbons on nielals in the presence of moisture,''' 
and since a number of oil-seeds are extracted by these solvents, 
some of the e.xperiments were done in the presence of oil-seeds 
(coconut, ground nut, and linseed) and some without the seeds. 
Thin stri|)s of metal ( 1 (1 x 'f in.) were heated with the solvent 
tinder a rellux condenser for 10 hours, and the influence of the 
solvent examined by wei,ghin,g the niclal before and after the 
e.x[)erimcnt. I he solvents were nsed as obtained from stores, 
without purification, and no jirecautions taken to exclude moisture. 
Care was taken to .see that they were neutral before being used, 
d’he seeds used contained some moisture. When the metals were 
used in contact with fatty material, thev were thoronghi)' washeil 
with ether and dried before W'ci.ghing. °l he following table gives 
the results with any losses given as ap[)lying to a surface of 
hj .sip in, for 10 hours: 

.Mild Wronglit 

Sled Iron Nickel Coiipcr .Miimimim l.cad 

('arbon Tetrachloride 


With .seeds . nil nil nil 0.01125 nil 0.0015 

By it.self . '■ " “ 0.00.50 ■' sli.glit 

Tetrachloroethane 

With seeds . 0.0050 0.0050 0.0008 0.0090 fconipletelyl 0.0040 

By itself . 0.0140 0.0150 0.1x155 0.01.50 ( destroyed f o.i)o02 


'fhe im|iiirtant fact should not he forgotten that in a factory 
the materials are in contact for years and not for 10 hours. 

.An old siiecimen of carbon tetrachloride, which had been for 
a long time expo.sed to air, moisture, and .sunlight, gave greater 
losses than those shown ahi.ive hut the results could not he verified 
by a du|)licate experiment owing to lack of material. 

Tetrachloroethane .gave most divergent re.sults and those quoted 
are the mean. In the case of this solvent the smallest amount 
of moisture is sufficient to start the decomposition. After this 
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solvent had been dried over calcium chloride for 15 hours and 
then redistilled and the fraction distilling at 146-147“ C. collected, 
it still attacked the metals to an appreciable extent, the attack on 
aluminum beginning immediately on the commencement of boil¬ 
ing. Since tctrachjoroelhane boils at 147" C. no great amount 
of water can exist in solution at that tcnux^rature, yet the de- 
comiMsition takes place. 

A tentative view put forward is that under the influence of heat 
and in the presence of metals tetrachloroethane loses a molecule 
of hydrogen chloride, giving trichloro ethylene as follows: 

Cl-ICb.CHCl, r= IlCl -f CCl; CHCl. 

The acid would then act on the metals. 'J'his seems an improbable 
and unnecessary hypothesis, since it is well known that zinc 
(Frankland and Kolbe) and sodium (Wiirtz) react directly with 
alkyl halides, eliminating part or all of the halogen and intro¬ 
ducing double or triple bonds. 

Other Substances. 

A number of miscellaneous reactions recorded in the literature 
call for mention, but arc hard to classify, because they touch only 
isolated fields. 

Mercury is of course very destructive on lead plumbing and 
apparatus, forming an amalgam of iittle strength. Iron and 
aluminum in contact with mercury in the presence of moisture 
are rapidly corroded and changed to oxides or hydroxides.’^ 
Mercury also amalgamates easily with gold and gold plated ap¬ 
paratus, but attacks platinum with difficulty. Monel metal resists 
the action of dry mercury excellently. 

Fused zinc attacks ferro-silicon; experimental results show a 
loss in weight of the fcrro-sdicon at 420-450" of 18 g. per sq. m. 
per hour in an cx[)crinient lasting 48 hours. Fused leail and zinc 
attack Monel metal. 

Ozone, O3, at moderate tem|ieratures attacks metals, c. g., sil¬ 
ver, that are unattacked by ordinary diatomic oxygen, O^, under 
the .same conditions. Many metals when finely powdered, c. g., 
aluminum, burn with explosive violence on being heated in air, 
and all the base metals burn with more or less intensity when 
heated to a high temperature in an atmosphere of ]inrc oxygen. 

.Sulfur at its boiling point attacks copjK-r with great rapidity. 
Pieces of hard drawn copper rod, ^ in. in diameter by ^ in. long, 
immersed in boiling sulfur lost 15 pier cent of their weight in 5 
minutes, 86 per cent in two hours, and in four hours completely 
disappeared: a sulfide shell formed and increased at the expiense 
of the metal.Iron reacts violently when heated in intimate con¬ 
tact with sulfur. 

Phenol, Coll-,OH, and the cresols, C'oHi.CHj.OH, have no 
effect on copper in the absence of oxygen, but attack the metal 
when oxygen is present. Phenol reacts to form apple-green 
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crystals containing’, when air driecl, 404 [X'r cent copiK'r; nrtho- 
cresol in a similar reaction absurhs oxygen ten times as fast as 
phenol.Phenol and tlic crcsols liave little action on Monel 
metal. 

Neither cold nor hoilinf^’ II. .“s. I', formaldehvdc has any action 
on stellite: cold Ih S. I’, tincture of iodine is also without action, 
hut the N'ajKjr from the hot tincture is corrosive. 

Acetylene, t'dl.,, reacts with the moist or dissolved .salts of 
some met.'ils to form acetylides of the formula t'AI, where A1 
is a divalent tnelal. 'I'he acetylides are of imixirlance as danj;ers 
to he avoided heeause, some of them, :is for e-xam]ile those of 
copper and silver, are ex|)l(isi\e, .nid ma\ he forme(l acciilentally 
by the .action of acetylene on moist, corroded brass, copper or 
silver [date. Dry acetylene does not re.act with le.ad, cop|ier, 
cadmium, tin, .aluminum or zinc at tem|)er,atures up to their mclt- 
ins4 points as far as c.an he ohsca ved hy chan,4c in the [)hysic,al 
pro[)erties of the metals or in their carbon contents, hut nickel 
cobalt and, to a less extiait, maiyyanese, tungsten, |)latimmi and 
palladium react m.n kedly in the order named, (.'arhurization was 
elfected with iron, hut the stren.yth of the metal was not lessened. 
Nickel and coh.alt became decidedly brittle between Joo and t)0() ', 
and sulfered corrosion and ])ittint;.’' 

'I he Ion,4 eonliiuual action of minend oils on concrete or cement 
has a we,akenin,4 effect: .animal .and ve,4et,able oils are ,s.a[)oniiied 
hy the action (d' basic calcium salts in the cement, with which they 
form calcium soaps, but their acli(jn is k-ss on hardened car¬ 
bonated caanents than on other types.''' 

Monel metal sitmds u() well tinder the action of gtisoline and 
other miner.al oils. 

Must.ard in lii|uid form fi.e. [irejiared mustard for the ,grocery 
trade) acts ci.yoronsly on all mel.als, includin,4 tin and silver, 
forminy bl.ack conpiounds whii h slain the product. Hard rubber 
is entirely satisftictorv for this diflicult substance. 

Mol.asses corrodes iron, steel, cop[Ka', brass, white bronze and 
zinc slowly. Monel and aluminum are unaffected. 

Photographic Chemicals. 

It is imiiortant in commcrci.al iiholoirrapliic work to have avail¬ 
able for [ihotoyraphic solutions large containers th.'it ;ire affected 
by and affect these solutions ,as little as [lossible. .‘since these 
solutions are relatively complex, s|)ecial investigation is neces¬ 
sary to determine their effect on materials for tanks, trays, etc.'" 
'I'he results of such an investigation arc summarized below. 

h'or metals and metallic materi.als the folknving method of test¬ 
ing was used. .Strips of metal, 2x4 in. and ;L])proximately 20 
g.a,gc in thickness, were (ilaeed in 250-c.c. I’yrex beakers contaiidng 
200 c.c. of solution. Usually dnirlieate sets were m.ade lyi, one set 
being kejrt at room temix-r.ature, 65 to 70 ’ In, and the other at a 
tropical temperature, 110 to 120° F. Icxamination was made at 
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the end of 24 or 48 hrs., 1 wk., 2 wk., and if tlie test was of suffi¬ 
cient interest it was continued for a longer [x-riod. 'I'hc volume 
was kept constant by adding water at regular intervals. 

In each case, the following oh.scrvations were made; 

1— Appearance of the Solution, In the case of developers, the 
fog, which was ])r()duced on motion picture positive film after 15 
min., vyas measured by means of tlie usual type of <lcnsitometer. 

2— liffeel on the Metal. —Inspection was made with the aid of 
a microscope. 


'I'he metals and alloys : 

.Metals Elated Metals 

.Aluminum (iaix anized iron 

Copper Tinned iron 

Iron 
Lead 
Nickel 
Tin (block) 

Zinc 


. I Hoys 

Atcrite No. 130 (('n-.\’i-Zn) 
llrass (commercial sheet) 
Duriron 
.Monel 

Niaco ( Ni alloy ) 

Nickel .Silver (('n-.\'i-Zn-T'e ) 
.Nicolenc ( Ni-Cn) 

I ’hosphor bronze ( Cu-Sn -1 ’) 
.Solder A (80% l’l)-20',' .Sn ) 
Solder I! ( 2 o 7 ( Th-8<)'; Sn ) 
Rezistal steel (t 'r steel) 

Type metal ( I’h-.Sh ) 


were tested with the following (ihotographic chemicals: 


I— Developers. — (.Non;: 'The formulas are c.x])resscd in ab¬ 
breviated form—n.aniely, the number of gnuns of each constituent 
in a liter of solution ready to use—arranged in the following 
order: reducing agent, sodium carbonate (dry): sodium sulfite 


(dry) : |)otassiuui bromide.) 
(a) Klon-hydroquinoiie 
(low clou coulent) 

( h) l'',lon-hydro(|uiuone 
(high clou content) 

(e) Tyro (two solution) 

2— Fi.viiifj Baths. 


( Klon 2.3 

] Ilydro(|uinone 4.2-48-0(1-2 
T'.fon 4.0 

IIydro(|uinone 1.0-20-10-0.3 
.Sodium bisulfite 10 
i Tyro io-37'5-33-o.5 
j .Sodium bisulfite 8.5 


(u) 30 per cent hypo solution 

(/C) .Acid hypo solution (formula in grams (icr liter) 


Hypo Sodium sulfite 28 per cent acetic aciti I'otas.siutn alum 

.P>‘J 4 5 25 ktN .1.0 


(c) Tarlially c.xhausted acid hypo solution (/') contain¬ 
ing dissolved silver 

((/) Com])letely c-xhain-ted acid hypo solution (h) contain¬ 
ing dissolved silver 
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3 Hyffo-aliini I oning Ealli, containing potassinni alum, 
hypo, silvtM- nitrate, and sodiinn chloride. 

4—[I fl/n-.—Information as to tlie effect of moisture on the 
materials was desired in order to determine the most snitahic 
metal or alloy for constrncting washing and rinsing tanks. 

Dilute Acids .—The photographer often has occasion to use 
solutions of dilute acids, and ;i numher of the metals ;nid alloys 
weie tested to determine their relatii'e resisttmee to dilute nitric 
atid sulfuric acids. 

'['he results ohttiined with the first elon-hvdro(|uiiione develo|)er 
(a) after one day atid at the end of a week at a temperature of 
I to” F. are given in the table. Tests made with Developers /> 
atid (■ conlirmed these results. 

l■:I.(),^■-llYI)K(JUl'l^'(.)Xi■; DKVKl.dPl'IR t-,f. Mh:T.\I..S .AND Al.l.dV.S 
( rcmpc-ralurc, no*" ijo'’ !•'.) 

. Ihbrez^iulions: 

Cuiiditioii of Stflutioii: I), darker than blank; I., iightcr than Itlaiik; 
MI), much darker tlian blank; Nt, no clianj^^e; I’pt., precipitate. 

C.ondition (if .Metal; (, eorrodeii; Dp, deposit on surface; I'., etched: 
S, stained; Ik unclian.m'd. 



-- j.\ 

, lirs. 

- 

-(liie 

Week 

— . 


< ( ondition of—^ 

boy d 

Coiulitioii 

of ■ ■ ■ 

b'og 

Xh'tals 

SoliUit 111 

■Metal 

i )on,sity 

■Solution 

■Metal 

1 )ensity 

Tin 

I'pt. 

D 

1.26 

i’pl. 

P, 

0.7b 

Copper 

NC 

P. 

0.50 

I) Ppt. 

ICC 

o..t 1 

Ahiininuni 

r>-i’i)t. 

Dp-M 

0.23 

D-Ppt. 

Dp 

P 

0,09 

Zine 

1) 

Dp 

0.2J 

D 

U.14 

Xickel 

NC 

It 

0.20 

NC 

LI 

0.14 

I.ea.i 

1) 

LI 

O.lf) 

1) 

D 

f).i<) 

Iron 

It 

D 

0. iH 

•MD-Ppl. 

LI 

0.14 

riah'd Miiiils 

'Tinned iron 

Nd 

I'. 

0.70 

1 . Ppl. 

s 

0.24 

(jalvanized 

NC 

■S-l- 

O.IK 

D 

s 

0. u 

iron 

. tll(>ys 

Stdder l> 

NC 

!•: 

2.50 

l.-Ppt. 

p 

l.bo 

Solder .\ 

NC 

11 

2.50 

I.-Ppt. 

p 

1.40 

Brass 

|i 

Dp 

0.30 

D-Ppt. 

Dp 

S 

‘)- 4 S 

Phosphor 

liroiue 

D 

S-Dp 

O.lt 

D 

0.3H 

Rezistal Steel 

NC 

D 

0.33 

D Ppt. 

1. 

L! 

0.2b 

'I'ype metal 

I, 

I'. 

‘)-34 

P 

0.24 

1 )uriron 

NC 

tl 

0.31 

D 

U 

0.28 

Aterite No. 

1. 

.S 

0.22 

1. 

S 

o.lt) 

136 

Nickel silver 

L 

S 

0,26 

1, 

■S 

0.24 

Nicolene 

1. 

LI 

0.28 

1. 

LI 

0.20 

N iaco 

KC 

1.1 

0.22 

D 

LI 

0.20 

Alffiicl 

NC 

LI 

0.20 

Ppt. 

LI 

0.12 

Blank 

Clear amber 
color 


0.26 Clear dee[i straw 

Slight ppt. 

0.18 


In general, it was found that metals or alloys rontaimng either 
copper or tin produce excessive fog with develoijer,'.. 'i'he pre- 
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cise action of a coi)per salt in causing fog is not thoroughly 
understood—presumably it acts as a catalyst in accelerating the 
rate of oxidation of the developer, and it is well known that de¬ 
veloper oxidation products cause fog, .Slannous .salts reduce the 
unexposed silver grains of the eniulsion to metallic silver, which 
constitutes the. fog. 

Tin and copper or alloys containing these metals should nut he 
used i.u metallic contact with a more nohlc metal in the presence 
of developing or fi.xing solutions because of electrolytic action, 
h'or instance, a le.id-lined t.'ink .should not-he soldered, Init should 
he icad-hurned, :md the same api)lies to lead piping—that is, the 
joints should be "wiped” :md iKJt soldered. In the ctise of metal 
tanks with jciints s(ildcred on the outside, no developer fog was 
produced. 

An acid fixing bath is very corrosive, and tis far as is know'll 
no metal or alloy has yet been found which under all conditions 
is resistant to fixing baths. The metal or .alloy to be satisfactory 
should withstand the following tests: 

1— It should he free from corrosion after two weeks' contact 
under tropical conditions with either fresh or exhausted lixing 
baths. 

2— It should not produce undesirable changes in the apiicarancc 
of the hath, such as (a) precipitation of dissolved constituents, 
(/)) formation of foam or scum at the surface of the solution, 
or (f) objectional discoloration of the hath. 

Any loss in the rate of fixation caused by any of these effects 
would he sufficient reason for rejection of the material. 

'J’ests made w'ith the four different fixing li.alhs previously de¬ 
scribed may he summarized as follows: 

1— -Lead, nickel, Niaco, Monel, type metal, and Kezistal steel 
are fairly satisfactory. Willi lead, nickel, brass, and Monel in 
partially and completely exhausted fixing baths, a layer of silver 
plates out of the solution on the niettds. 

2 — t upper, iron, tin, tinned iron, Duriron, nickel silver, phos¬ 
phor bronze, and Solders A and H are attacked to a varying ex¬ 
tent, They discolor the hath, and enough jirecipitation occurs to 
cause them to bo undesirable. 

3— Aluniinum, zinc, galvtuiizcd iron, Aterite N'o. 136, and Ni- 
colcnc are very unsatisfactory. All corrode badly, the lixing baths 
are covered with a thick scum, and heavy precipitates arc formed. 
(The effect of electrolysis on the rate of corrosion of metals and 
alloys in fixing baths w'ill be dealt with in a future paper.) 

Almost all the metals and alloys tested exhibited a vigorous 
and undesirable reaction with the hypo-alum toning bath. The ex- 
jxirinicnts were conducted for one week at a temperature of no 
to 120° F,, or approximately at the temperature at which the bath 
is recommended for use. 
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Lead, nickel, and Monel were least alTocted, but even these 
metals are not entirely satisfactory with toning baths. Ahuninuni, 
copper, zinc, brass, phosphor bronze, and galvanized iron showed 
visible corrosion. 

For toning solutions, glass, porcelain, 01 enameled ap])aratns 
are to lie rccomniended rather than inelallic containers. 

(,)f non-nietallic materials (jltiss is chemically the most satisfac¬ 
tory, but it is fragile tind its aiiplication to large tanks and trays 
is limited, llnainclcil .steel is extensively used for small trays and 
tanks, though the vitreous coating is relatiwly brittle, ;md an 
injury to it destroys the useftdness of the vessel. hnj'i'e(/iialed 
fibroiLS iiialcrials are in general uns.atisfactory though wood im¬ 
pregnated with jiarathne is very usefid .at moderate temner.atures. 
The commonest and best photographic lae/jiier for metals con¬ 
sists of asphtdt or a mixture of as])h;dt and rubber cement, and 
baked japan is very satisfactory, but neither will resist a strongly 
alkaline solution, Poreelaiii and t/laoed eaiilieirieare are usu.'diy 
unsatisfactory because of minute cracks wbich develop; these oiler 
starting points for the growth of cryst.ils which eventn.ally de¬ 
stroys the glaze. Hard rubber and iiilroeeltuhi.se withstand nearly 
all aipieous photograjihic sohUions except those of oxidizing 
agents, but they tire somewhat brittle tmd tend to buckle in in bot 
wetdher. Rubber couipusilioii.s are in general nnsatisf.actory, but 
good quality rubber sheethuj is used as a ttink lining with good 
results. SkUc and albercne .stone are M-rv suittible for large 
tanks for developing solutions, tmd the katter may tdso be used 
for fixing solutions, tl'ood is the cheapest tivailtible material for 
tanks, .and may be used for developing, fixing and washing 
solutions; the tanks must be well < (instructed ,and well braced to 
prevent warjiing; they should not be jiainted, because tdkaline 
developing .solutions soften tbe p.aint and cause it to Hake olf. 
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VII. Selection of Material for Specific 
Equipment. 


In considering the scdection of material for a specilic piece of 
chemical jrlant air]iaratu,s other factors than chemical resistance 
to the substance handled must be taken into accouul; but. as 
was [Kiinted out in Chapter 1 , this factor of chemical resistance 
is dominant in most cases, its imjrortance being jaaiporlioual to 
the destructiveness of the chemical for which the a])paratus is 
designed. The other factors to be considered may be divided into 
two groups: physical characteristics and cost. The first includes, 
for example, mechanical strength, hardness, heat conductivity, 
melting ])oint. etc. The second includes purchase cost, cost of 
installation and maintenance (including shutdowns), depreciation, 
etc., and a number of less tangible factors that may be gron|x:d 
under the head of convenience. Such a heading would include, 
for example, the .availability of skilled labor for maintenance, the 
effect of the apparatus on morale and labor turnover, etc. 

Of course a strictly logical point of view requires the considera¬ 
tion of cost as a fttnetion of the physical and chemical char¬ 
acteristics of the materi.il in question, as well as of other 
independent variables, but in ))ractical work the classification out¬ 
lined above is often more convenient and .suggestive and there¬ 
fore more n.sefni. 

The difficulty of classifying the destructive reactions discussed 
in this book has been mentioned in Cha])ter T. ()ne roughly ap¬ 
proximate generalization may be made however, which wall be 
found very useful, if it is realized that it is only approximate: 
in a given case it may serve as a guide, but the limits within 
which it is true must be determined by experiment. 'I’be gen¬ 
eralization is that most substances resistant to acids arc attacked 
by alkalies, and vice versa. A few cases illustrating this are 
given in the following t.able. 


Rc.sistant to Acids, 
Attacked by Alkalies 
Ferro-silicoii 
Lead 

Aliiminiim 

Silica 

Silk 

Wool 

Phenolic resins 


Resistant to Alkalies, 
Attacked by Acids 
Iron 
Copper 
Silver 
Cotton 
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Selection of Materials for Specific Equipment. 

Durinq i1k' past ten years tl\erc lias been a remarkable inereasc 
in the kinds cif material from which standard ap|)aratus is con¬ 
structed. Alanv (d' tliese "freak" constructions have pro\ed im 
practictil; others liave warn a well-deserved place in standard 
chemical enpineerinp practice. I'umps cd' hard-ruhber, lilter 
])resses of chemical stoneware and e\'aporalors of hi.qh silica iron 
are examples of construction that <inly a few' years apo would 
have been regarded as eccentric. 

Amonpf the newer materials a\ailable for apparatus construc¬ 
tion :ire commerciallv pure iron, hiph chromium and other alloy 
steels, ferro silicon tdlovs. nichrome. Monel metal, and various 
hronzes. while the field of manv of the older construction ma¬ 
terials, such as cop|ier. nickel, aluminum, en.'imelware, stone¬ 
ware. pdass, silica, coiurele, wood, hard rubber, and \ulcanized 
fiber has been p'reatly enkireed.' ,\ verv brief suiwey of the 
])roperties of some of these materials is ^iven here by W’ay of 
summary, since tbeir chemic.al behavior h;is been treateil in ck'- 
tail in earlier ebapfers. 

('omiiicniiilly pure iron contains less than approximately o.Ki 
per cent foreign matter in giMx] samples, and is resistant to mild 
.acid corrosion ;ind rusting. It is u.sefui for structural work in 
chemical plants and other places wdiere atmospheric conditions 
are .severe. 

Ilif/li cliroiniiiin and similar ollov xlnix, so-called "stainless 
steels’’ vary greatly in their resistance to chemical action. Such 
steels suittddy chosen for the service in view are verv resistant 
to mild acid corrosion and pr.actically immune to rusting. 'I'hew 
are used for cutlery and for apparatus |iarts, as well as in sheet 
form for the foundation of chemical enameled ware. 

Ilijili siUron cost iron is resistant to the corrosive .action of 
most ticids .and is extensivel)- used for large pieces of apparatus 
such as t.anks, sulfonators, nitrators, autoclaves. ])ipe lines, etc. 
It is brittle and diflicult to m;ichine, but mav be accuratelv 
gnjitnd. 

Nichrome is resistant to oxidation at bigli tem])eratures as well 
as to mild acid conajsion; it is widely used in tlie form (d elec¬ 
tric ware and in other high tem|)<a'alure work. 

Monel inelal combines strength and other excellent physical 
characteristics wath resistance to corrosion. It may be maebined, 
forged hot or cold, brazed, soldered or welded. It withstands 
acid corrosion well and is resistant to neutral or alkaline oxidiz¬ 
ing agents, hut is attacked by acid oxidizing .agents. It is used 

* Fcmicci, .Smith, It. tf., Long, Sclunck, Timm. Falirenwald, Aupperle, 
Schneider, Steffens, Hoggess, Millikcn, la Jr., Whittaker, il. F., Blongti, 
McKay, Miner, Pell, Kni.glit. Gn-ene, .Marshall, Tyler, Vi(d, C'hetn. Met. 
F.ng., .?S (iy2j), 676: McKa\', liaike, Irwin and Ashton, Strickland, 
Iloover, Ind. Eng. Cheni., 75 (1923), 554. Sytnposinms on niaterials for 
industrial equipment. 
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in the manufacture of machine parts such as gears, pinions, 
nozzles, agitators, etc., and in tlie manufacture of metal filter 
cloth. Since its resistance to corrosion docs not de]KMid on a 
protective coating, it is relatively unaffected by erosion. 

Copper and bronscs. —'I'hc growing use of copirer is due to a 
combination of characteristics; the metal, being extremely easy to 
fabricate, can be made into any form required, and it combines 
with that property a considerable degree of chemical resistance. 
Coppet is unattacked by caustic alkalies and liy non-oxidizing 
acids in the absence of air; it is attacked strongly by ammonia 
and substituted ammonias in the pre.sencc of air, as well as by 
oxidizing acids and other acids in the presence of other oxidizing 
agents. 

Ordinary brasses and bronzes are usefid where they are sub¬ 
jected only to mild corrosive action, such as that of sea water or 
other salt solutions; they resist boiling lo per cent sodium chlo¬ 
ride solutions, and manganese bronze is said to be the best avail¬ 
able material for handling 85 i)cr cent f{jrmic acid. 

Among the bronzes developed especially to withstand corrosion 
tnay be mentioned Aterite, a nickel brass, Meco metal, a copper- 
nickel-zinc alloy, and Anqx'o, an aluniinuin bronze containing 
chielly copper, aluminum and iron. 'I'he manufacturers recom¬ 
mend these alloys for use with superheated steam, hydrofluoric, 
organic and some concentrations of sulfuric acids, hut not for 
use with chromic, hydrochloric, nitric, mixed or picric acids, nor 
with ammonium hydro.xide. 

Aluminum is in a class hy itself on account of its lightness. 
It is very .sensitive to the action of strong alkalies, but is re¬ 
sistant to the action of many acids. It is used in acetic acid 
manufacture, in the food, oil, wax and other industries, and for 
the manufacture of cooking utensils, and has further miscel¬ 
laneous uses. 

Wood has such multifarious applications that it is impossible 
to summarize them. Improvements in manufacture have increased 
the use of wooden pipe lines and fittings, ahsorption towers, etc. 

Chemical stone-ivarc has widened its field markedly in the last 
few years because of developments in its manufacture. Large 
sized units and very intricate pieces, such as distributors, con¬ 
densers, manifolds, nozzles and pumps, are now built and used 
in a way that would have been impossible in this country before 
the war. Consideraltle inii)rovem(!nt has also been made in the 
heat resisting properties of this material. 

Glass is the most striking examjjlc of the development of a 
familiar material and its application to new industrial uses. The 
manufacture of mechanically strong glasses, chiefly of the boro- 
silicate type, with low coefficients of expansion (0.0000032 per 
degree centigrade at 19-350° C,), is resixinsihle for this, and 
advantage may now he taken in industrial apparatus of the 
unique transparency of glass and its great chemical inertness. 
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The present inaxiniuin limits in size have been raised, for ex¬ 
ample, to 30 liters for pressed dishes, 7J liters for mold-blown 
flasks, r2 inch diameter for socket pipes atid evlinders, and 3 
inch diameter of 'F's, L’s, etc,, made by lamp workin;,;'; the ac¬ 
curacy of dimetisiotis has also been increased. 

Fused silica ware is also hndin.tt iucrea.sed industrial applictition 
because of its resistance to attack l)y acids :md its extremely low 
coefficient of expansion, o.cxtoooos.j per de,t;iee centigrade tit 
o-tooo“ C. 

b'or equipment without moving parts and free from extremes 
of tein])crature, the range of tnaterials is tiaturally widest, 'banks, 
vats, crystalbzitig pans and pipe lines can be of tilinost anv 
material that the ebemietd conditions prevailing nitty detnand. 
Hydrofluoric acid is being successfully handled in iron tanks and 
tlritms, as it quickly coats the metal with a tou.gh integutnent 
of iron fluoride which resists further corrosive action. (ibviously 
an iron pump would not be successful for liandbng hydroflttoric 
or hydrfilluosibcic acid, tior iron ftins for air saturated with sticb 
vapors. 

Storage Systems for lAquids.- In general tanks of wood or 
steel plate construction are suitable, wooden tanks having the 
advantage as to the first cost. 

Tanks. 

Wood .—It is hut infreqttently that a tank of .sttitablc wood, 
profierly constructed, cannot be made to serve eqttally as well 
a.s one of lead, copper, aluminum or Monel tnetal. On the 



Fic. 20.—Comparative Cost of Tanks. 

Other hand, wooden tanks require care in their selection. The 
writer recently had brought to his attention a serio.i.s defect 
in the product of ati electroplating shop due to the use of pine 
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tanks, the extract from which caused an imperfect deposit. With 
the substitution of oak t:mks the trouble ceased. 

Steel Plate. —I'or outdoor storage for water, oils, solvents, tar, 
etc., tanks of steel-plate are preferable. 1'hcy withstand weather 
conditions better than wooden tanks. The wooden t;ink sheathed 
in icicles was a familiar sight in railroad yards and industrial 
pkints up to a few yetirs ago. Well made riveted steel i)late 
tanks are practically leak proof, ])resent almost no maintenance 
exivense except repainting every few years, and are (treferable 
from the tire risk point of view. 

Coneretc .^toraye tank.s' are suitable for matiy liquids, and arc 
dealt with in e.xienso elsewhere in this book. Tanks of acid- 
proof masonry are used for siilplutric, nitric, hydrochloric and 
mixed acids. Tanks lined with tile ariv used for service where 
the greatest possible cleanliness is an object; as for instance 
photographic solutions, fniit juices, syrups and stock for fine 
]):ipers. The sttpi>orting structure of these tile tanks may be 
concrete, brickwork, or steel-plates. ]!le<aching tanks for paper 
pulp are fre(|uently of tile .set in concrete. 

Stuneieare and gltnis storaye r'c.t.vc/.v are limited to conqxira- 
tively small ([uantities of highly corrosive liquids, although sys¬ 
tems of many (up to tio) sc|)arate stoneware vessels, each of 
from too to i(x)0 gallons capacity have been succcssfullv 
employed. 

Lead-lined taiik.'x are in general use for strong acids, alum 
liquor, sulphite liquor, etc. 'J'bc quality <if the lead and the skill 
with which the lining is fitted are both of great importance. 'I'lic 
best chcmictil lead is free from antimony and contains from 0.04 
per cent t(j 0.08 per cent copper, 0.005 per cent to 0.015 
cent silver and less than 0.005 pt'r cent bismuth. .Such lead 
will resist sulphuric acid up to () 0 “ lie. at .all temperatures, and 
acid up to y6 per cent 1 I._.S(), in the cold. Itnormous f|ttantitics 
of such lead, fabricated by the art of the le.ad burner are used 
in the acid, heavy chemical, fertilizer, oil refining and metal¬ 
lurgical industries. So-c:illed “bard lead" contains about 8 per 
cent antimony, and is useful for parts of pumps, valves, bkiwers, 
etc., but is inferior in acid resisting qualities, especially at bigli 
temperatures, 

.tlaininum tanks have come into more general use in baigland 
and on the Continent than in America. Possessing mechanical 
.strength, being resistant to many acids and liquors and having 
the added advantages of lightness, comparatively low cost .and 
attractive appearance, they often prove extremely useful. Animal 
and vegetable oils, light varnishes, leather dopes, artificial leather 
solutions, flavoring and drug extracts, essential oils; .acetic, nitric 
and lactic acids; glycerine, soap solution, oleic acid; vinegar, 
fruit juices and syrups are among the liquids successfully handled 
in aluminum tanks. 

Monel metal possesses the advantage of high mechanical 
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strength comparing favorably with steel, anienaliilitv to the usual 
methods of fabrication, moderate cost and great resistance to 
many froul)lesome cornjsivcs. Monel metal tanks are exten¬ 
sively used for storing and handling dye lii|uors, bleaching solu¬ 
tions, fruit juices, organic acids, ])hotographic solutions, and 
many ,salts in solution, ainl for pickling acids. Monel is not ,sitit- 
ahle for nitric acid and strongly oxidizing li(|Uors, Monel is 
preferable to any other metal or alloy for hydrochloric aci<l li(|uors 
but hard copper lined tanks are preferable if the temiterature is 
below 6o“ C. 

F.mnuclcd inin gives idinost complete immunity to corrosion 
from organic and manv inorganic .acids. 'I'he concerns manu¬ 
facturing this ei|uipment have developeil .a wide range of enamels 
suitable ftjr different conditions, ’i'hey h.ave the disadvantages 
(tl high cost and liahilitv to injurv from rough handling. Manv 
ex|K'nsive enameled tanks haw been ruined by c.arelessuess in 
cleaning, removing agitators, etc. ( )m e the en.amel is chip|K'd or 
perforated the tank is ruined for inosi |iurposes. I’.oth welded and 
cast \essels are .available in enameled construction, .\ccording to 
If. I’. I’oste .and .M, Donauer * “,\ giwn enamel may :ict (ptite dif¬ 
ferently with re.gard to its resist.ance to different coiaa)sive condi¬ 
tions. Different concentrations of a given acid vary so gre.atly 
with rcs|)ec1 to action on enamel that a soft en.amel m.av be possi¬ 
ble .at one raincentration .and entirelv impossible at another. 

“In so far as the acid resisting enamel meets all the chemical 
re<|uirements of the others, this prom|it.s the (|uestion why not use 
that enamel on all e(|uipmcnt and have one standard grade? 'I'here 
are limitations reg.arding the sh.aiie and size of .a piece which 
can he enameled and tiie limitations are greater with the more 
acid resisting enamels. 'I'he iron vessel must be of fairly simple 
design with uniform sitrf.acc to be enameled, hor acid condi¬ 
tions the en.amel must not only be more resist.ant Init a per¬ 
fect enamel coating is necessary. I'his limits the size of itieces 
to ;i smaller raiyge and it is more essential to have a sim])le 
design. 'I'he limititions are .gradually beiiyg extended or more 
thoroughly understovjd and the entire range of enameled a]>p.aratus 
covers inlerestin,g possibilities for many lines of industrial and 
chemical operations.’’ 

Ifnameled tanks are extensively used toi frtiit juices, photo¬ 
graphic solutions, various salts and organic chemicals in solution 
in hue chemical, dye and drug factories; llivi.iring and medicinal 
extracts, .serums, dairy products; hever.ages, etc., and particularly 
where bacteriological as well as chemical purity is retjuired. 

Evaporators and Vacuum Pans. 

.Materials for use with this class of etiuipment must lie se¬ 
lected with due regard to mechtmical iiroperties and thermal 
efficienev, as well as resistatice to chemical action. 

* Iiul. Inig. Clieni., 15 (lyjj), 46‘j. 
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Cast inm for cvaixirator work must l)c of high quality, close- 
grained and perfectly homogeneous. 'I'uhes may be of steel, but 
charcoal iron or wrouglit iron is preferable. Apart from iron 
tlic .shells may be of eiqjper, bron/.e, brass, Monel metal, malleable 
nickel, aluminum ; lead, tin or silver lined eop[>er or iron, enameled 
iron or high silica iron. A few eva[x)rators arc in use with 
acid-proof brick and stoneware linings. Tubes may be of copper, 
brass, bronze, nickel. Monel metal, aluminum or lead, in addition 
to the many varieties of iron and steek 

In the selection of tube materials it is sometimes exjxidicnt 
to adopt a metal inferior from a chemical point of view if other 
qualities arc sujtcrior. I'or instance nickel has been rejected 
for the tubes of evaporators for alkaline liquors in certain in¬ 
stances where it showed up best in the chemical tests because of 
the unreliability of the nickel tubing available as compared with 
iron. Also it should be taken into consideration whether the 
deposition of scale or salt and consequent cleaning will be heavy 
or light, as some tubes withstand con.stant cleaning better than 
others. 

The following table gives the usual materials for some of the 
liquids commonly handled in eva])orators: 


TABLF OF MATFKIAI.S b'OR F.VAPORA I'OR.S 


Liquid 

Shell 

Tubes 

» 

Remarks 

Caustic soda 

Caustic potash 

Cast iron or 
steel 

Charcoal iron 

For caustic soda, 
copper tubes; also 
for high concentra¬ 
tions nickel lias also 
lieen used. 

Alum — i.e., alumi¬ 
num sulphate 

Hard lead or 
lead lined 
iron 

Hard load or 

1 e a il lined 
and covered 
iron 

Alum liquor always 
contains free II2SO4 

Salt — i.e., sodium 
chloride 

Cast iron 

Copper, brass,' 
Monel metal 


Saltpeter (sodium 
nitrate) 

Cast iron 

Charcoal iron ; 


Sodium phosphate 

Cast iron 

Steel 


Calcium cliloride 

Cast iron 

Wrought iron 


Epsom salts (mag¬ 
nesium sulphate) 

Cast iron 

Copper or 
charcoal iron 

Iron preferable as 
frequent cleaning 
necessary is hard 
on copper. 

Ammonium nitrate 

Cast iron 

Aluminum 

Knameled iron shells 
also used. 

Iron sulphate 

Cast iron 

Copper or 
Monel metal 
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TABLE OE IvTATliKlAl.S FOK EVAt’ORATORS 


Liquid 

Slu'U 

I’uhcs 

Remarks 

Calcium acetate 
(acetate of lime) 

Cast iron 

(ro])pcr 


Pyrolijfneous acid 
(crude acetic) 

Copper 

Copi)er 


Soda-pulp liquor 

Cast iron 

Wrought iron ■ 


Tartaric acid 

Hard lead or 

1 e a d lined 
iron 1 

i 

Hard lead or 
lead lined 
and covered 
iron 


Sulphite-pulp liquor 

Cast iron or 
steel plate 

V\’rouglit iron 

The original aeiti 
litpior is neutralized 

1 in practice prior tt) 
concentration, oth¬ 
erwise copper con¬ 
centrators would he 
called for. 

Textile liquors from 
merccrizinj^plants,' 
etc. (alkaline) 

Sled 

Sled 


Tank • water from 
packing liouscs, 

garbage fflants, 

etc. 

(kisi iron 

Hrass, copper, 
or s p e c i a 1 
hrinize 

Afond metal a n d 
aluminum liavc also 
liccn employed. 

Distillery slop 

(Jast iron 

Copper 

i’trass tulics also have 
Ix'cn used. 

Glycerine, and spent 
st>ap lye 

Cast iron or 

1 steel plate 

G.ppcr 

.Superheated steam 
tilting.s cast sled. 

(line 

(_‘ast iron 

Cop ]); e r 0 r 
hra'^s 


Gclaliiic 

Cast iron 

Copper, brass, 
Monel, nickel 

Shells somotimes 
copper, Monel or 
aluminum. 

Drug extracts, cas- 
cara, etc. 

Copper 

(’ojiper 

Also Mond tidies 
and aluminum and 
enameled iron. 

Acetic acid 

Copper and 
aluminum 

(.'opper 

Durability depends 
on exclusion of air. 

Lactic acid 

Copper 

('opper 


Tanning extracts 

Copper 

Copper, brass, 
or br(mze 


Maltose (malt 
syrup) 

Cast iron or 
copper 1 

Copper ! 


Milk 

Copper 

Copper 

Iron or '^icd stills 
used for skini-milk 
and wliey. 
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TABI.I.; OF MATICRIALS F'OR F.VAr>()RATORS-(C<>»(mt«-rf) 


Liquid 

SlH'lt 

1 Tubes 

Remarks 

Sugar 

(' a s t in* n, 
steel or cop¬ 
per 

Wrought iron, 
steel, or cop¬ 
per 

1 Copper used largely 
in vacuum pans. 

J''ruit /uices 

Copper, enam¬ 
eled steel, f)r 
linneil cop- 
l)er 

('upper, .Monel, 
nickel, alu- 
m i n n 111, 
tinned Top¬ 
per 


CofTcc extract 

('oi)pcr or 
Monel 

C')pi)er. brass, 
or Monel 

Knameled iron shells 
also used. 

Uexaniethylene- 

lelraniinc 

Cast iron or 
e n a in (‘led 
iron 

Wrought iron, 
or enameled 
iron 

haianieled iron neces¬ 
sary for final stages 
of coneeiitralion of 
high-grade product 

Water 

Cast iron or 
steel 

Steel, l)rass, 
c upper o r 
Monel metal 

Monel for sca-watcr 
aiui highly alkaline 
water. 


Condensers. 

Ill t^encral tlie data given alHne fur evaimnitnrs will ai>i>ly 
eiiually well to surface condensers, Init wherever (here is a Irce 
choice hetween copper and any other niclal copper 'is preferable 
because of its greater efficiency of heat transfer. Also, in using 
the above data for condensers steel jilate can he substituted 
throughout for cast iron shells when desired. 

Pumps. 

'I'he selection of proper materials for puin|)s is highly conmli- 
cated as the mechanical demands of a comjile.x mechanism, friction 
of surfaces on each other, bursting stretigtli and torsional qual¬ 
ities Iiave to he taken into consideration as well as the cliemica! 
proixirties. 'I’hc writer was recently shown Iiy a chemical pump 
manufacturer an instance where si.N. unsuccessful attempts have 
been made to fashion a pump imiieller from the alloy specified 
by a works chemist, and insisted on as being the only composition 
capalile of resisting the liiiuid being pumped. Moreover in 
practice, liquors will frequently contain sediment and grit which 
rapidly destroy the softer metals and alloys by elusion and pro¬ 
mote corrosion liy exiKisure of tiew surface on inqiellers and 
casings. 

There are certain technical terms used by manufacturers of 
pumps that require some explanation. “I.iiird" pumps are those 
with evlinders lined with lirmize, brass, Monel, wooden staves, 
stoneware or hard rubber. ".Ill iron" pumps have unlined 
cylinders, bored to size. In such pumps the cylinders are cast 
and the nuiving parts forged of steel or tualleahle iron. "Bronze 
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or brass fitted’’ pumps have certain jxirts, usually pistons, rods, 
impellers, shaft sleeves, wearing rings and valve mechanisms of 
the special metal specified. As this term is vague and used vari¬ 
ously by different pump manufacturers, it is always wi.se to 
specify just what material is to be used for each part. Brass 
piston rods on steam pumps arc undesirable because of tlie jxjor 
service of brass under steam cylinder conditions. Where brass or 
bronze is necessary at the wet end, a compic.x: piston rod can 
always be furnished with steel at the steam end. 

The following is the classification of reciprocating pumps as 
to materials and manner of fitting for handling various liquids 
adopted by several of the largest pump manufacturers. 

Direct acting pumps, power pumps, and crank and flywheel 
pumps are classified according to the manner in which the liquid 
cylinder is fitted, as follows; 

Standard Fitted —'Phis means that the pump is fitted with 
cast iron liquid cylinder, steel i>islnn rod, bronze liner, bronze 
valve scats, bolts and springs, rubber or bronze valves and cast 
iron liquid piston or plunger. 

Standard Brnnase Fitted —'I'bis signifies a inunp fitted with cast 
iron liquid cylinder, bronze piston rod, bronze liner, bronze valve 
seats, bolts and springs, rubber or bronze valves, and cast iron 
liquid piston or plunger. 

Full Bronee Fitted 'This is a i)um]i which carries a cast iron 
lic]uid cylinder, bronze liner, Irronze valve seats, bolts and springs, 
rubber or bronze valves, bronze liquid |)ist(jn or plunger, 

/III Iron Fitted Pumps for handling tar, ammonia, etc,, are 
built without bronze fittings. In this type of pump the liquid 
cylinder is of cast iron, valve bolls of steel, valve springs of 
steel, and lifjuid piston or iilnnger of cast iron. Iron fitted pumps 
are furni.shed with, or witlujiit, cast iron liners, depending on 
the size of the pump. 

All Bronze —'Phis is a i)nm|i with a li(|nid cylinder of bronze, 
bronze liner, bronze piston rod, bronze valve seats, bolts and 
springs, bronze valves .and bronze water piston or plunger. 

In the above classifications the term “.Standard Fitted” gen¬ 
erally apifiies to du|>lex pnm|>s only. .Simple.x I'niTips are built 
regularly “Standard Bronze Fitted.” 

For centrifugal immps the conditions are similar, it usually 
being .sufficient to ,si)ecify simply the materials of the im])cller 
and the casing, and in chemical work these are usually the same. 

In the compilation of the foregoing tables of materials for 
pumps, in general the materials have been mentioned in order of 
their suitability and practicability. Phe materials mentioned are 
what might be called those of "minimum resistance” i. e. there 
could be chosen in manv instances other materials of unneces¬ 
sarily great resistance. I'or instance, stoneware punqis could be 
specified as far as chemical resistance is concerned for practically 
all the liquids mentioned, but have only been specified in the 
tables when no metal pump would give service. 
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TABLE OF MATERIALS FOR CENTRIFUGAL PUMPS 


Liquid 

Acclic acid, cone. 


Acetic acid, dil 


Alkaline Indncs . 

Alcoliol (criidc) - 

Alum sollttioii . 

Ammonia, aqua .... 
Aniline . 

Benzene . 

Beer and beer wort 

Beet juice . 

Brine (calcium) ... 
lirinc (sodium) ... 
Blood . 

Cane juice . 

Caustic soda . 

Caustic potash .... 
Chlorine in solution 

Chloride of lime... 

Chloride of zinc... 
Citric acid . 


Coal tar oils..... 
Carbon bisulphide 

Copper sulphate . 
Creosote oils .... 
Cyanide liquors . 


Distillery slop 

Ethyl acetate . 

Ethyl chloride 

Ethyl iodide .. 

Ethyl phthalate 

Ethyl sulphate 
Fatty acid liquors and 
melted fats ... 

Ferrous chloride 
Ferrous sulphate 
Ferric chloride . 


Materials 

Phosphor bronze, hard lead, 
Monel lead or alumi¬ 
num 

I lard rubber, bronze, 
Aterite, Monel metal, or 
enameled iron 
All iron 

White bronze, ' brass, 
Monel metal 
Hard lead or bronze 

All iron 
All iron 

-Ml iron 
Bronze 

Monel metal or brass 
All iron, Unriron 
Bronze or Monel metal 
Bronze, Monel metal or 
aluminum 

Bronze or brass 
All iron 
.'\11 iron 

[lard rubber, enameled 
iron, stoneware 
Hard rubber, Monel metal 
or enameled iron 
.All iron or Monel metal 
Bronze, Monel metal, alu- 
•nintiin, bard lead, bard 
rubber 
.All iron 
Iron or bronze 

Bronze or Monel nielal 
All iron 

Duriron, all iron, or stone¬ 
ware 

Bronze or Monel metal 

Bronze free from lead or 
zinc 

Bronze, lu* alloys con¬ 
taining load or zinc 
Hard lead 

Bronze free from lead or 
zinc 

Hard lead 

All bronze, Monel metal 
and aluminum 
Hard rubber, Duriron 
All iron 
.Stoneware 


Remarks 


Contains free 

1 I:S() 4 . 


I'aiameled pumps 
arc fragile. 


Metal must not 
contain lead. 


No alluy will per¬ 
manently resist 
cyanide. 


Duriron if cold. 
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TABLK OK MATERIALS FOR CENTRIKUGAI, POMPS— Co/R/dH.-i/ 


Liquid 

Materials 

Remarks 

Gasoline . 

Iron, bronze fitlcd 

' — ■ 

Glvcerinc, pure . 

Proiize 


(ilycerine, liquors . 

.'\lumimnn. Monel metal 
or br(.‘n/e 


Hydrochloric acid, cone... 

Stoneware, hard ruhlier 


Hydrocliliiric add, dil. 

High silica iron, Monel 
metal or hard rubber 


T.insccd nil . 

/\11 iron 


Lye, caustic . 

.\11 iron 


MaKiiesinin chloride (cans- 



tic) . 

Hard lead 


Milk . 

Bronze, NLuiel metal i.tr 

Special construe- 


enameled iron 

tioii to permil 
frequent ele.in- 

Molasses . 

Bronze or Monel metal 

in.g. 

Nickel sall.s in soliitinii... 

i'nre copper 


Nitric acid, cone. 

High silica inm. lead 

Also stoneware 

armored w i t li 
iron. 

Nitric acid, dil. 

High silica iron, hard 
rubber, alnniinum 

Oil, vcgctalilc, in general.. 

All iron 


Petrolenni . 

All iron 


Potash Ikiuors . 

•Ml iron 

Duriron if cone. 

Potassium nitrate (caustic 


potash niter) . 

All in)n 

Ouriroii if conc. 

Pyroligneous acid . 

J >uriron 

kapi.-sced oil (colza oil).. 

Troll, bronze-litted 


Sea water . 

Monel metal, bronze or 
brass 


Sewage . 

Tlrass, bronze or Monel 
metal 


Soap, liquors . 

•Ml iron 


Sodium carbonate .. 

All iron 


Sodium hypo.sulphitc . 

Lead-lined iron, har<I lead 


Sodium chloride . 

Bronze j)r Monel rrn ^al 


Sodium peroxide . 

.Stoneware 


Sulfite, acid (pulp mill),. 

1 (ard 10 a d. phosphor 

lironze 


Sulfur chloride . 

Iron (painted with oil) 

Oil forms with 
the sulphur chlo¬ 
ride a tough film 
which protects 
the metal. 

Sulfuric acid, dil. 

Hard lea<l, lead-lined iron 
or high silica iron. Very 
dilute: hard rubber, 
bronze and Mtmel metal 

Sulfuric acid, cone. 

High silica iron, grey iron, 
stoneware 
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TABI.K OF MATI'.RIAI.S I'OR CKN'TRTFL'GAL rUMPS--C»»ifi««frf 


I.kluid 

Materials 

Rt'inarks 

Sulfurous acid, cone. 

Sulfurous acid, dil. 

Tanning' liquor . 

7ar . 

Phosphor bronze, Monel 
metal, enameled iron 
Bronze 

Bronze, brass or Monel 
metal (no iron) 

All iron 

Also stoneware. 

Tin chloride . 

Duriron, bard rubber. 
Monel metal 


Vinegar . 

Hard rubber, Monel metal, 
aluminum 

Also t i n -1 i n e d 
bronze or iron. 

Wood pulp (paper stock) 

ilronze or Monel inclal 

All iron if stock 
is neutral or 
alkaline. 

Zinc chloride . 

Monel metal, luKh silica 
iron 



TABLl': OF MATIGOALS FOR RKCI I’ROCATING PUMPS 
Liquid I Material Valvo^_ Packing 


Alcohol (crude) 

Alum (contains 
H.SO.) 

Ammonia, aqua; 
Ammonium 1 
droxide 
Aniline water 

Benzene 
Beer . 

Beet juice 

Brine (calcium) 

Brine (sodium) 

Blood 


Material 

Valves 

Packing 

Hard rubber. 

Bronze disc 

Hydraulic 

Duriron, phos¬ 
phor bronze 


Hydraulic 

Hard rubber. 

Bronze disc 

M 0 u e 1 metal, 
Duriron, phos¬ 
phor, bronze 

All iron 


Hydraulic 

Iron disc 

Bronze, Monel 

Monel disc 

Hemp 

metal 



Duriron, cast iron 

Iron disc 

Asbestos 

Duriron, cast iron 

Iron disc 

Hydraulic 

All iron 

Iron disc 

Hydraulic 

All iron 

Iron disc 

Hemp 

Phosphor bronze 

Bronze disc 

Hydraulic 

Monel metal nr 

Monel or iron 

Hydraulic 

bronze 

disc 

H ydraulic 

Duriron, Monel 

Monel or bronze 


disc or rubber 

Hydraulic 

All iron. Monel 

Bronze or rub- 

metal 

ber 

Bronze ring 

Bronze, Monel 

Redmanol com- 

metal or alu- 

position ball 


minum 
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TABLE OF MATERIALS FOR RECIPROCATING PUMPS 
{Continued) 


Liquid 
Cane juice 


Material 


Packing? 


tilted 

Carbon tetrachloride Duriron 
Caustic soda Iron 


Iron, Monel Monel or bronze i lydraulic 
metal, or bronze disc 


Caustic potash 

Chlorine water 

Coal tar oils 
Creosote oils 
Cyanide liquors 

Distilling slop 


Iron disc 
Iron disc 

Iron disc 


Hard rubber or Rubber 
stonewear 

All iron Iron disc 

All iron Iron disc 

Duriron Iron <ii.sc 

Bronze or Monel Bronze disc 
metal 


Ferrous chloride Duriron oi 
Ferric chloride Duriron 
(cold) 

Ferric chloride Stoneware 
(hot) 


Duriron or iron Iron disc 
Duriron Iron disc 


Asbestos 
Asbestos or 
hemp 

Asbestos or 
hemp 

As!)estos graph- 
itized 
Iron ring 
Iron ring 
1 Icnip 


Hemp 

Asbestos 


Asbestos com- Asbestos 
position 


(jasolinc Bronze fitted Bronze disc Hemp 

(jIuc (hot) Bronze or alu- Bronze ball Bronze ring 

milium 

Glycerine (also Bronze or Monel Bronze disc Bronze ring 

spent soap lye) metal 

Greases (hot) Bronze fitted Br<tnzc disc Bronze ring 

Hydrochloric acid, Hard rubber, Monel disc or Bronze or Monel 

dil. Alonel metal riil.iber covered aslies- 

Hydrochloric acid, Stoneware Asbestos - resin Asbestos or wool 


Bronze disc 


spent soap lye) 
Greases (hot) 


dil. Monel metal 

Hydrochloric acid, Stoneware 


1 lemp 

Bronze ring 
Bronze ring 
Bronze ring 


Lactic acid 


Lime, milk of 

Linseed oil 
Lye, caustic 


comiiosition 


Duriron Monel disc Monel covered 

cork o r as¬ 

bestos 

Iron or Monel Iron or Monel Hemp 

metal disc 

Bronze fitted Bronze disc Hemp 

All iron Iron disc Iron ring 


soaked in par- 
afiin 


Magnesium chloride Duriron or iron Iron disc Asbestos 

Oiot) 

Milk Monel metal or Bronze clapper Solid piston 

bronze or disc 

Mineral oils Bronze fitted [tronze disc Bronze ring 

Molasses 


Bronze or Monel BronzeorMonel 


Naphtha (solvent) Bronze fitted Bronze disc 

Nitric acid, cone. Duriron or lead Hard lead 

Nitric acid, dil. Iron, Duriron, or Iron disc 

aluminum 


Bronze ring 

Bronze ring 

Bronze ring 

Asbestos 

Hemr 
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TAHT.E OF MATERIAl.S FOR RFX'IPROCATING I'UMl’S— 
{Continued) 



Material. 

Valves 

I’acking 

Oils, vcjictablc 

Hronze lilted 

Bronze (Hsc 

Bronze ring 

Paraflin, melted 

Bronze iitlcd 

Bronze ball 

Bronze ring 

PetroleuMi 

Iron 

Iron ball 

Iron ring 

Potash hrints 

All iron 

Iron disc 

1 letup 

Pulp (containing 

Idiosphor bronze 

Bronze ball 

Hemp 

acid) 




R a p e - s e c (I i 1 

(colza) 

Bronze lilted 

l)ronz{“ disc 

Bronze ring 

Rosin, melted 

Iron I'r Duriron 

Iron disc 

Iron ring 

Salt water 

Itronze lilted 

Rubber 

Hydraulic 

Sea water 

Bronze or Monel 
lilted 

Rubber 

Hydraulic 

Sewage 

Bronze filled 

Bronze disc 

llydratilic 

Syrups 

Bronze filled 

Bronze disc 

Bronze ring 

vSoap 

All iron 

Iron disc 

1 lent)) 

S 0 d i u m chloride 

All iron or .Monel 

Bronze disc 

} lydraulic 

^ (strong) 

melal 

Iron <lisc 

1 lydraulic 

Sodium carbonate 

All iron 

Sodium hyposul¬ 
phite 

l.ead-lined iron 

Rulilier 

Asb<‘stos 

Strontia. caustic. 

Ml iron 1 

Iron disc 

Iron ring 

Sulfuric acid, cone 

1 )iiriron or iron 

Iron disc 

Asbestos 

Sulfuric acid. dil. 

1 , e a tl. M o n e 1 
metal, or l)nr- 
irmi 

Bronze disc 

.Asbestos 

Sulfuric acid, very 

Bronze or hard 

Bronze or rub¬ 

I letup 

dil. 

rubber 

ber disc 


Sulfurous acid 

Phosphor bronze 

Bronze disc 

Bronze ring 

SulfiU* acid (pulp 

Phosphor bronze 

Bronze disc 

Bronze ring 

mill) 




Tar 

Iron 

Iron ball 

Iron ring 

Tannic acid 

Bronze or l)rass 

Brass disc 

Brass ring 

'ranning extracts 

All bronze, brass, 
Monel metal 

Bronze disc 

1 leinp 

Tank water (pack- 
ing-honsc) 

Bronze fitted 

1 ‘henol-formal¬ 
dehyde resin 
( Redmanol) 
composition 
ball 

Bronze ring 

Tin tetrachloride 

Duriron, hard 
rubber 

Rubber 

Asbestos 

Toluol 

Bronze fitted 

Bronze disc 

1 letup or metal- 
covered cork 
or asbestos 

Turpentine 

Iron 

Iron disc 

Iron ring 

Vegetable oils in 

1 Iron 

Iron disc 

Iron ring 

general 

Vinegar 

Hard rubber, alu¬ 
minum, Monel 
metal 

Bronze disc or 
rubber 

Hemp 
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TART.F, Ol' .\IATI-kIAI,S FOR KF.Crl’ROt:AT[i\'G I’LIMl’S-- 
(Coiitiiiifrd) 


Liquid 

Material 

Valves 

Packing 

Water 

lironzc htlcfl 

llronze di.-c or 
ruhher 

(lydranlic 

W a t e r. containiji}:> 

All iron 

Iron disc 

Iron rin^ 

tar and ammonia 



Water, mine or 

Lead, hronze tu- 

Bronze disc, or 

1 ivdranlic 

other aoiflulous 

Monel metal 

.Monel 


water 




Wine 

While hroiize 

Rron/e disc 

Hnaizc riny 

Wood alcohol 

Iti’niize jilted or 
l»rass 

I’rtinxe disc or 
nihlier 

1 Iem[> 

Vcfisl 

Ihit.'is fitted 

brass hall 

fin or alumi¬ 
num 

Zinc chloride 

All iron 

Iron disc 

.\sl)c.slos or 
hemp 


Valves. 

I lie (lata euntaiiu'd in tlie (alilc nl iiialerials for ie('i]>rcK";itint; 
ininips can lie applied \ery peneralh’ tn llie specilicatinns nf wilvcs 
tor handliii” \arious litjnids. Ilowevcr, it niit;lil lie noted that 
stoneware \aKes :nid cocks can l're(|ucnlly he employed, yield¬ 
ing perfc'ct ininiiinite from corrosion, where some less resistant 
material would naturally he chosen for a ]nim]i on account of its 
greater snitahilily from a mechanical point of view. 

The following is ;i general survey of the v.arieties of usefulness 
in induslritil chemictil work ol the dillerent materi.als from which 
valves tire mainly fahricaled. 

Iron and Steel Valves. 

Clumicals. dc. Sulfuric acid tind mi.xed acid, used for 
nitration in the |iroduction ol e.\|ilosi\cs, dvesturfs, pharmaceu¬ 
ticals, celluloid and other products, are tilmost exclusively con¬ 
veyed in iron |)i|)es fitteil with steel valves. I’or alkalies, iron 
and steel are the most used materials. 

Oils, animal, vegetable tind minend ; indostrial alcohol; naphtha 
and other solvents: hleach li(|Uor ; many dye li(|uors ; pa|)er pulp; 
soap lyes; sugar liiptors; tind ti great variety of process and 
waste liptiors in all chemical industries can he handleil successfully 
with iron and steel valves. 

Steam .—< )ne of the principtd uses of valves in industritil chem¬ 
ical plants is on steam lines. ()n these lines ctist-iron valves arc 
extensively used. .Superheated steam, whicli is extensivelv used 
in many chemical ]jrocesse,s re(|uires ettst or forged steel or ,\lonel 
metal valves and fittings. 

()n lines for conviyving vapors ;md gases, which assume very 
large [iroiMirtions iti petroleum refineries, by-product coke ovens, 
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coal gas plants, water gas plants, wood distillation plants, etc., 
iron valves are ordinarily used, especially in the form of large 
gate valves. 

Ammonia. —.Semi-steel valves and fittings are used to a very 
large extent on ammonia lines in connectibn with refrigerating 
equipment. I'or valves on all brine lines, steel, malleable iron 
or seniksteel is very suitalile. 

Ilydnnilic Fre.’ssurc .—For hydraulic presses and accumulators 
and other high pressure lines such as arc ..used in jilants manu¬ 
facturing vegetable oils, plastics, phonograph records, naphthalene, 
and a great many other products, steel \'al\es and fittings of high 
tensile strength are usually used. 

Low-prc.ssurc I Taler .—On water lines standard iron body brass 
fitted, or all iron valves are ii.sually specified. 

Comprc.m’d Air .—On air lines iron and steel valves are per¬ 
fectly satisfactory in the majority of cases. 'I'his holds equally 
true of vacuum lines. 

Copper and Brass Valves. 

Copper, in its pure form is used very little for valves and fittings 
in the chemical industries cxceiit in the case of acetic acid. Cop¬ 
per, alloyed with other metals to form brasses and bronzes, is, 
however, very e.xtensively used fur conveying dilute acids, nietal- 
hirgical solutions, tanning liquors, dyewood extracts, alcohol, 
ether, solvents, oils, etc. 

Monel Metal Valves. 

Monel metal valves and fittings have proven very useful for, 
handling many organic acids for alkaline solutions, tin chlorides, 
hydrogen peroxide, dye liquors, sugar liquors and a great variety 
of other solutions. I'or handling solutions of common salt and 
also manv other salts. Monel metal can he used in many cases 
with much greater satisfaction than any other metal. Monel 
metal valves are also excellent for super-heated steam. 

Lead-lined Iron Valves. 

Lead-lined iron valves are used to a very large extent for 
handling nitric acid and sulfuric acid when it is sufficiently dilute 
to attack iron. I.cad-lined iron valves have to a very large ex¬ 
tent replaced lead valves as they comliine the acid-resisting prop¬ 
erties of lead with the mechanical strength of iron. 

Hard-lead Valves. 

Hard-lead valves and fittings can be used for any of the pur¬ 
poses mentioned above for which lead-lined iron is suitable, where 
great mechanical strength is not necessary. For such purposes, 
valves made of lead alloyed with antimony give very satisfactory 
service. 
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Aluminum Valves. 

Aluminum has been found useful for acetic acid, dilute solu¬ 
tions of nitric acid and sulfuric acid, oils, fats, greases, linseed 
oil, stearine, oleic acid, etc. It is also extensively used in the 
food.stuif and beverage industries, in ammonia concentrators, and 
in the manufacture of soap and glycerine. Aluminum valves 
and fittings cannot be u.sed in any case where alkalis have to be 
handled. 

Wooden Valves. 

For handling weak acid solutions, metallurgical leaching solu¬ 
tions, tanning liquors, dyewood extracts, etc., wood fittings are 
used to some extent. (Ireat advances have been made in the 
construction of pi]>c and fittings from wood and also in the 
lining of inm pipe with wood, and for many purposes it will 
probably continue to lie used in .spite of the many <lil'ficulties 
presented, b'or handling hydrochloric acid wood can only be re¬ 
placed by stoneware and bard rulibcr. 

Hard-rubber Valves. 

Hard-rubber valves and fittings are being used more and more 
in indu.strial, chemical operations to handle hydrochloric acid and 
other chlorine liquids which attack all the ordinary materials of 
construction. Hard rubber is almost the only material which will 
successfully resist hydrochloric acid out of which valves and fit¬ 
tings can l')e fasliioned. Recently, great advances have been made 
in the production of large size ecpiipment and it will probably be 
used in increasing (|uantities. Hard rubber is also excellent for 
acetic acid, bleach liquors, dye liquors, vinegar, etc., Init can only 
be used at low temperatures. 

Stoneware Valves. 

Stoneware is a very large item in chemical construction, al¬ 
though high-silica irons, such as Duriron, llulllokast, ( orrosion, 
etc., have to a \ery large extent taken the place of stoneware. 
How'ever, in spite of the great risk of breakage, and other attend¬ 
ant difficulties, stoneware valves, pipe and fittings are .still used in 
large quantities, especially in the condensatinn of vapors, during 
the manufacture of nitric acid. 

High-silicon Iron Valves. 

High-silicon irons (such as Duriron) are excellent materials for 
valves and cocks for handling sulfuric, nitric, acetic, phosphoric, 
oxalic, picric, pyrogallic, benzoic, butyric, formic, hydrocyanic, 
lactic, tartaric, arsenic, boric and pyroligneous acids; alum (alu¬ 
minum sulfate), ammonium chloride, ammonium carbonate, 
ferrous sulfate, copper sulfate, ferric chloride (coldf, am¬ 
monia, calcium chloride, carbon tetrachloride, tin chloride and 
zinc chloride. Such material is not suitable for chlorine, hydro- 
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chloric acid, hydrolluoric acid, hydrofiuosilicic acid, bromine, 
strong solutions of bromides, hot solutions of ferric chloride, sul¬ 
fur chloride nor strongly alkaline solutions and only moderately 
successful for strong cyanide liquors. 

Laboratory Table Tops. 

Investigations of the chemical behavior of the materials avail¬ 
able for lalxjratory table tops furnish data of value not only 
for the purixjse in view but for other possible industrial uses 
of these materials. The ft)llowing tables, made available through 
the courtesy of the author,* give the results of a series of tests 
on a number of table top materials; on the basis of these results 
the materials are given grades on various counts, and they are 
also graded in the second table on the basis of first cost and 
maintenance. 'I'he discussion of the results is given in the 
author’s own words. 

COMI'AKISON ON COST BASIS OF VARIOUS L.AKOKATORY 
TABI.F: tup MATKRIAI.S 


o 




•4-1 

3 

0 

CM 
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3 

.2 

0 


1 



C U 
0 ID 

■f; 

c rt S 

0 7 
■-S 

3 

JS, 

s 

U ’-M 

V- C 

-M rt 

03: 

cJ 

</■; 

bX )3 

4 -. f/l -M 


H 

<<< 



u 

uoO 

tj.s 


Beech.. 

. Plain . 


68 

5 'J 

82 

.38 

35 

145 

427! 


Aniline 

iflack 

■ 71 

70 

8t 

35 

75 

110 

442S 

Birch.. 

..Plain . 


70 

61 

87 


38 

ISO 

4481 


Aniline 

hlack 

■ 77 

72 

02 

38 

79 

115 

473 S 

Maple. 

..Plain . 


71 

55 

88 

41 

40 

155 

4,50/ 


Aniline 

black 

• 75 

64 

84 

35 

79 

120 

457I 

Oak,., 

..Plain . 


. 70 

46 

82 

38 

29 

163 

428! 


Aniline 

black. 

• 73 

59 

79 

33 

63 

128 

4251 


Discussion of Results.'!' 

Allrercne ranks slightly higher than any other material tested. 
It is chielly deficient in thermal conductivity and apparatus break¬ 
age. That the per cent breakage was not higher is due chiefly 
to the strength of modern laboratory glass. Allierene discolors 
considcralily in organic laboratories and asphaltum diluted with 
ixitroleum ether has been recommended to mask stains produced 
in this type of laboratory, llenzene appears to serve equally well 
as a diluent. Carbon black in turjrentine or pinene also serves 
well for the purpose. It was found that a mixture of paraffin 
and finely divided graphite, preferably the Acheson preparation, 
diluted with several parts of ordinary paraffin thoroughly heated 
on yXlberene and well rubbed after cooling and reixiating gives 

* Private comtmniication. Prof. C. R. Hoover, Wesleyan University, 
Middletown, Conn. 

t Ih 'ui. 
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a coating of great chemical resistance and equal masking power. 
This treatment also tends to lessen the pitting which is marked 
with some samples of Albercne. Unglazcd tile and asbestos wood 
rank next in the experimental summary, 'j'he standing of the 
former is somewhat lowered by the breakage of the only samples 
obtainable under the heat test. The chief objection to tile is the 
difficulty of securing proirer installation. 

Asbestos wood shows a remarkably bigli score in both sum¬ 
maries, partly because, being stronger tlian .Mlicrene and other 
materials, it can be used in thinner sheets, thus lowering its first 
cost. Impregnated with paraffin and graphite as described in 
the preceding paragraph, its chemical resistance is slightly in¬ 
creased and its discoloration ma.skcd. 

I'ibony wood is an excellent material if physical strength and 
insulation resistance are desired. ISlisters and extruded matter 
make it objectionable if subjected t(j clevatcfl temperatures, and 
the rather high first cost lowers its rating. 

If chemical stoneware could be prepared with a plane surface 
at reasonable cost, it would l)e an excellent material for many 
purposes. 

Enamelled cast iron is another material wiiich would probably 
have a future as a table top material it it could be produced 
at a reasonable cost. 

Concrete and linoleum rate rather low but considering cost 
and low replacement expense they offer interesting possibilities 
combined. 

Rubber flooring which is now obtainable in large .sheets is an¬ 
other material which could be combined with wood or concrete to 
form a top upon which it would be a pleasure to work. 

In conclusion, it is the opinion of the author that on account 
of lower first cost, for siKicial inirposcs or if carefully used, 
wood, rubber, and similar materials are ticceptablc, but for ordi¬ 
nary purposes refractory monolithic materials of low maintenance 
cost are the most satisfactory. More attention can welt be paid 
to decreasing the fire risk in chemical laboratories. This end 
will be secured by using materials which are rated highly on this 
count in this investigation. The conclusions reached seem to be 
supported by the practice in recent laboratory construction. In 
twenty-live new laboratories in the Eastern and Central part of 
this country about 75 {jer cent of the desk tops are Albercne, 
10 per cent tile, 10 per cent wood, and 5 per cent other materials. 

It is unfortunate that one of the most satisfactory materials for 
laboratory table tops, sheet lead, was not considered by Hoover. 
It would be interesting to learn its rating on the above basis. The 
reason for the omission is probably that sheet lead has hitherto 
been used for this purpose in works laboratories only. 



VIII. Concrete. 


In view of its enonnoiisly increased use (or all purposes, it 
is not at all strange that the chemical engineer should have turned 
his attention to concrete for a ])ossihle material for the con¬ 
struction of tanks ami other chemical equipment. 

For water storage tanks, settling basins and sumps'for effluents, 
and bins for the storage of soli(i materials, few new problems 
arise in the chemical industries that have not been met and 
solved elsewhere in the engineering lield. But with the applica¬ 
tion of concrete to tanks fur storage of oils, solvents, acids, 
alkalis, paints, vinegar, wine, leaching solutions, photographic 
solutions, .soap liquors, brines, etc., it liecame necessary to deal 
with concrete as a specific problem in chetnical engineering. This 
problem has resolved itself largely into a problem of coatings, 
for uncoated concrete is aj)plicaljle to relatively few chemical 
engineering purposes. 

In addition to the storage t.anks mentioned above, concrete has 
been employed with success for the following chemical engineer¬ 
ing purposes: a,gitators in pulp mills, vegetable oil refming plants 
and metallurgical leaching plants; beaters in pitlj) mills; bleaching 
equipment in the pulp, paper and te.\tile lields; baking ovens; 
condensers ;md coolers for v.'irious vapors; coolers for sulfur- 
ous gases in the pulp industry; cooling ponds .and towers; gas 
scrubbing towers; gas purifying boxes; generators for hydrc)gen 
sulfide in a metallurgical plant; leaching vats for dye, tanning 
and pharmaceutical extracts aud for metallurgical operations; 
tanning pits and vats; vinegar manufacturing equipment; varnish 
filtering tanks; water purifying and softening installations; yeast 
plant equipment. Also quite generally for Hours in plants through¬ 
out the chemical industries, for which service it is very useful 
wdien properly surfaced; and for general ouilding work, such 
as supports and foundations for equipment, 

Maximilian 'J'och ' outlines the possibilities of concrete as a 
chemical engineering material. When Portland cement is mixed 
with water it generates lime. The lime f(jrms a glutinant ma¬ 
terial which binds the particles together. I.ime is slightly soluble 
in plain water and is relatively more soluble in salt water. This 
accounts for the disintegration of IMrtland cement at the sea¬ 
shore. Any acid, no matter how weak, forms a chemical com¬ 
bination with lime; when the lime in Portland cement is attacked 
the structure crumbles. I'actory tloorings made only of Port¬ 
land cement and sand must be treated to prevent wear. Oil 

171 
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drippings from motors and maclnnery have disintegrated con¬ 
crete floorings. Such floors of vinegar tanks have been heavily 
attacked hy acetic acid. Unprotected concrete foundations in 
chemical plants arc destroyed by acid and alkali drippings. Simi¬ 
lar foundations of factory buildings are destroyed on w'ater- 
fronts where niter cake and sludge acids are (liscbarged into 
the stTeani. Atmosphere content and climatic changes greatly 
influence the corrosion of concrete. Instances arc cited of 
Ifgyptian masonry constructions which have stood in h'.gypt for 
twenty centuries but have rapidly disintegrated when re-erected 
in \ew \’ork City. The explanation offered is climatic changes 
and sulfuric acid content of atmosphere. 

There are a number of methods used for the preservation of 
Portland cement hut no single method is applicable in every 
case. The following watcrisroofing methods are given; 

(1) 'fhe integral type which is used in the form of dry pow'der, 
its action being to density the concrete, give it colloidal prop¬ 
erties and lubricate the mass while pouring. There are a large 
number of aciueous pastes on the market. Such soajjs are to be 
avoided. 

(2) The varnish type which depends for its action on acid 
resins. It has proved itself w'aterproof, oil-proof and wear¬ 
proof. 

(3) 'J'he fluo-silicate type which in conjunction with the acid 
resin type or the bituminous coating type, where a proper bond 
can he elTected. has given most excellent results. 

The best protective methods arc stated to he as follows: 

(1) The memljrane method which consists of applying tar, 
asphalt (jr other bituminous materials, in conjunction with a 
membrane such as felt, burlap or textile fabric of any kind. 

(2) The brush application on the exterior of a concrete con¬ 
struction of hydrocarbon material which is neutral. 

(3) The brush application of an acid resin which combines 
with the lime of the concrete and forms an integral material on 
the surface. 

(4) The addition of a dry powder, not to exceed 2 per cent, 
to densify the concrete and make it waterproof. 

(5) The addition of an integral powder to the concrete to 
make it acid and alkali proof. 

(6) The application of the brush coating or spray of silico- 
fluoride, which precipitates silica into the interstices or pores of 
the concrete and makes it pr(3of against oil and water. 

(7) Coating the concrete structure with two solutions which 
interact and precipitate and form an insoluble residue which 
prevents penetration of chemical compounds. 

The success of concrete for storage tanks for oils is dependent 
on proper design and great care in the selection and mixing of 
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the materials. It is not within the scope of this book to deal 
with the design of such tanks, l)nt minierons articles on the sub¬ 
ject will be found in the hies of ‘'K.ugineeriug and Contracting,” 
and other technical publications. 

Of the selection of the materials and their proper coni|)<juu<l- 
ing, we will treat bricHy. .\ccording to C. \V. \'au Dyke, llic 
best formula for concrete for oil storage tanks is 1 : 1 ' f: 3. I bis 
is in agreement with the tindings of tlie LJ. .'s. Ilureau of .'Stand¬ 
ards who also found that the ne.xt best fonnni.is were 1 : 'j-j : I'/t 
and I ;2 14. 

Good sand is essential. Ily this is meant natnr.il sand, or 
screening.s from hard, durable, tough, cntsbed rock, or gnivcl, 
composed of quartz grains. .Such sand when dry sbottld pass 
a screen having 4 me.shes to the linear inch: not more tluui 
25 per cent should pass a screen having 50 me.shes |)er linear 
inch; and not more than 5 per cent should p.ass a screen having 
too meshes per linear inch. 'I'lie sand should be absolittely 
free from organic matter, which is very objectiou.'ible in concrete 
for oil storage purposes. .A simple test for organic matter can 
be made by placing' about 2 inches of the s.-ind in a test tube 
and tilling the tube two-thirds full with 3 per cent caustic soiki 
sohttion. After agitation, the test is .allowed to stand 24 hours. 
If the supernatetit liquid is lighter than str.iw color, the sand 
is satisfactory for use, lint if it is dark in color, the sand shotdd 
be rejected, or thormtghly washed to free it from orgatiic itn- 
purity. 

Clay or loatn should never be more than 3 ])er cent by neight. 
This can be determined by agitatitig a given \()himc weight of 
the s.and with writer, pouring off the sup.eruatatit liqttid, re])eat- 
ing this operation three times and evaporatitig the thus obtained 
wa.sh water to dryness and weighing. 

Pebbles for the coarse material sbottld grade from one inch 
down to not more th;m 5 per cent passing through a screen 
having 4 meshes per linear inch. Pebbles larger than one inch 
are objectionable becaitse they will not work in well around the 
reinforcings. 

In this kind of work, as in all other concrete construction, 
the proper proportion of water is of the greatest importance. 
Particular attention should be given to this, especially in con¬ 
struction around chemical |)lants where the, work is being done 
by unskilled labor, not sjxieiallv c.xpericnced in concrete con¬ 
struction. 'J'he general tendency at all times is to use far too 
much water. 

It should be impressed on those in charge of the -w'ork that 
the use of excessive water is equivalent to decreasing the pro¬ 
portion of cement. According to tests carried out by the D. S. 
Government, the following table gives the effect of varying pro¬ 
portions of water on the strength of 1 : i/4 :3 concrete, the mix¬ 
ing time being one minute: 
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Gallons of Water 
per I Bag Mix, 

575. 

6.25. 

7-i>. 

8.0. 

10.0 . 

15-0 . 


Compressive 
Strength After 28 Days. 

Pounds per sq. in. 

. 2.700 

. 2.400 

. 1-950 

. I-470 

. 830 

. 200 


Tlic best results are achieved if the mixing time is two minutes 
rather than one minute. As speed is not usually a matter of 
great importance in the construction of concrete storage tanks, 
it is often possible to mix for two minutes instead of one, which 
yields an increase in strength of 10 per cent, and (which is more 
important) adds to the density. 

'I'he proper curing of the concrete is of the greatest importance 
when tlie tanks are to be used for storing oil or other liquids. 
There arc two statulard methods : 

The first method is to fdl the tank with water 24 hours 
after the concrete is in ]dace and allow it to stand for one 
month, (U‘ longer, if possilde. 

The second method is to coat the floor and interior walls and 
roof with three or four coats of i :4 solution of 40° Be. sodium 
silicate, and to finish with one coat of 1:2 solution of 40° He. 
sodium silicate. 

The protective coating thus formed docs not last more than 
a year, but it serves the purpose of protecting the concrete itself 
until it has through age become impervious to oil. Tanks thus 
coated should invariably be aged one month before they are 
tilled with oil. 

The German Concrete Association carried out a lengthy series 
of investigations on the finishing of concrete tanks for oil storage, 
and their results in the main confirm American practice as out¬ 
lined above. They found that vegetable and animal oils were 
much more destructive to concrete than mineral oils. They 
established three fundamental requirements for linings of con¬ 
crete oil storage tanks; (l) Such linings should resist pene¬ 
tration by oil and the chemical action of fatty acids. (2) They 
should be watcrjn'oof. (3) 'I'hey should be unaffected by the 
oil to he stored when heated to its boiling point. They condemned 
all coatings containing asphalt and similar substances, because 
of their solubility in oil. They found sodium silicate to be 
much better. As the best possible material they recommend 
“Margalite,” a i)henol formaldehyde resin paint which was abso¬ 
lutely not affecte<l by any of the oils tried. I’lxactly similar 
synthetic resin paints are now on the market in the United States, 
and have been used with considerable success for resisting not 
only oils, but acids, alkalies and many saline solutions. 

The influence of temperature on concrete tanks for storage or 
process purpo.ses is very marked and should be carefully taken 
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into consideration in desi^ming such equipnicut. It is not true, 
as has sometimes been stated hy chemical engineers, that con¬ 
crete cannot be used for liquids at high tem])eratures, though 
it is true that the strength of the material is frequently de¬ 
creased at high temperature and that this factor has to be taken 
into consideration in the initial design. According to tests con¬ 
ducted hy W. J. Schlick ' at the Iowa State College, hoiling water 
reduces the strength of concrete, regardless of its age. N’umerous 
slabs of concrete pre|)ared according lo various formulas, and 
all of different ages, were immersed for varying [leriods in 
boiling water, and in every case a marked decrea.se in strength 
was noted. However, this is not merely a temperature effect, he- 
cause the .same series of cx|)erimenls showed that oven drying 
(up to 180° C.) although it c.aused a slight decrease in strength, 
did not produce any effect comparable to that caused hy im¬ 
mersion in boiling water. 

The generally accepted e.xplanation of this phenomenon is 
that when concrete is immersed in boiling water there is a rapid 
hydration of portions of the mass which had f.ailed to hydrate 
previously. 'I'his causes changes in volume and a conscaiuent 
l)rcaking down of the internal structure of the mass. 

There arc few comparative d.al.a on the resi^t.ance of concrete 
to various oils, the most iniporl.'int results being those obtained 
by the LI. .S. I’ureau of Standards ' of which the following is a 
summary ; 

■Scries 1 consistisl of eighteen 1 : 2: 4 concrete tanks in which 
were stored eleven mineral oils with gravities varying from 0.74J 
to 0.951)—t.e. from comtnercial g.asoline to a very viscous 
residuum oil; live vegetable oils :uul two animal f)ils. In each 
tank were placed three 6-ittch .x tJ-inch concrete cylinders t<i he 
broken after exposure lo the vtirious oils. Ouantitative tests 
were abandoned. After a year's e.x|)osure, all were found to be 
unaffected, except those in cocoamit and lard oil. 'flie surfaces 
of both of these were attacked and roughened; the cocoamit oil 
proving more severe than the Itird. 

Series II. ;uid HI; Ouantitative and (_)ualitati\e tests on 
concrete tanks. Scries H were conducted under no 
head; Series III were conducted under a 2-, foot head. The oils 
used in these cases were vegetable and animal, the latter vary¬ 
ing from s.g. 0.641)-o.i)7o. The losses w'cre gretitev the lower the 
specific gravity. The head of oil had no aiiprcciable effect. 

Tanks containing boiled and raw linseed oil gave noticeable 
deposit of lime soa|). The general result is that the t;ifA:3 
concrete tanks wdicn projierly constructed are practically im¬ 
pervious to oils of 0.875 specific gravity 130'^ lie.) or heavier. 

One of the larger chemical companies (private communication 
to one of the authors) conducted simikir tests of one ye;i, '.s ihira- 
tion with solvent naphtha, acetone, crude methyl alcohol, ethyl 
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alcohol, carbon bisulphide and ether. None of those liquids 
affect the concrete but there was a heavy loss of carbon bisul¬ 
phide, a considerable loss of solvent naplitha, ethyl alcohol and 
ether and almost no loss of acetone and methyl alcohol. The- 
tank containing the acetone was found covered with a resinous 
“paint” or film at the end of the year. 

The most thorough investigation of the action of various 
chemical agents on concrete is that by M. Jacobson and J. G. 
De Keravenaut,-"' of which the following is an abstract: 

(1) Aclion of ackls- Xu a general rule concrete is attacked 
by acids, the lime of the cement combining to form the corre¬ 
sponding calcium salt. The more active and concentrated the 
acid, the more vigorous the action. Carbonic acid is not harm¬ 
ful unless the concrete is e.xposed continnously to high concentra¬ 
tions, as in the case of fermentation industries. 

(2) Action of acid conifoiinds', XCul salts such as acid sul¬ 
fates of sodium, calcium and magnesium act like weak acids. 
The same applies to acid mineral waters. All these have a slow 
action on concrete not usually severe enough to preclude its use. 

(3) Action of alkalies and salts. -The alkalies, pota.sh, soda and 
ammonia are without action on concrete and the effect of alkaline 
salts is very variable, 'rinis : alkaline carbonates accelerate the 
setting. Concrete is attacked by magnesium ehloriile and sul- 
fttrotis salts. 

(4) Action of tar (/erk’n/rre.r.--Generally tar derivatives are 
without action oti concrete, and a certain member of these de¬ 
rivatives are even used it]) t(,i i to 2 per cent in weight to in¬ 
crease the impermeability of the cement to moisture. 

(5) Action of fertilizers.- \xnn concrete (small portions of 
cement) when fre.shly laid or when low (lualily cement is used 
is attacked by organic fertilizers; hut good (piality concrete, at 
lea.st one month old, is nut attacked. 

(6) Action of oils and fats. —Gils and fats, especially lard, 
wool, olive, whale and talknv oils, attack freshly laid concrete, 
but when the concrete is more than a month old it is very 
little attacked. Mineral oils are practically without action unless 
acids are liberated. 

That good concrete will successfully withstand concentrated 
salt and brine solutions is proven by the satisfactory service ren¬ 
dered by concrete tanks and other concrete structures in many 
salt plants. 

At Wadsworth, Ohio, the Wadsworth .Salt Co. has 14 concrete 
brine tanks, with a total capacity of 375,(X)0 gals., that have 
been in .service for eight years. At Hutchinson, Kan., the Carey 
.Salt Co. has two concrete brine tanks built in 1917 that are 
subject to a range in tcmjicrature of over 320 degrees Fahren¬ 
heit. At Silver Springs, N. Y., the Worcester Salt Co. has 
five concrete salt grainers subject to a similar range of tempera- 
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ture that have given good service for six years. .\t Marine City, 
Mich., the Michigan .Salt W orks has i6 concrete tanks, with a 
total capacity of 1,150,000 gals., that are n.^ed for storing hot and 
cold brine.® 

The Union .Salt Co., of Clevelaiul, Ohio, state: “Concrete is 
especially suitable for salt plants our six new buildings, erected 
in I()I7, were all built in concrete, with concrete roofs.'’ in 
addition to concrete salt making p:ins. which are too ft. long, 
12 ft. wide, and 2 ft. deep, this company has several large con¬ 
crete bins for the storage of wet and dry salt. 

.An interesting example of the (extensive use of concrete at 
salt plants is at I’omcroy, ()hio, where the Rust b'liginecring Co., 
of Pittsburgh, built a large plant for the Pomeroy Chemical Co. 
in I'tKy 

'I'he brine is a 10 per cent solution with a specific gravity of 
7° B<3. It is heated to 68° C., and then is concentrated to a 
2(1 per cent solution. 

'file brine then enters the concrete “niud-setllers’' at a tempera¬ 
ture of 84° C., where dirt and foreign materials are allowed to 
settle to the bottom, the brine being drawn off into concrete 
“draw settlers." and then into concrete “grainers,’’ where ('opper 
steam pipes placed in the tank further concentrate the solution 
to about 55° He., until the salt precipitates and can be drawn 
off by means of a mechanical scra|)er, ready to be packed in 
barrels or bags fur shipment to consumers. .After the salt 
crystals are precipitated and carried away, the remaining 
lirjuid is turned into the concrete “liitterii grainer,” where it is 
further concentrated, and inimped to stills where bromides 
and calcium chloride are separated, the residue being thrown 
away. 

W'hen the plant is in continuous operation, the temperature 
in the mud settlers is prai'tically coii.Mant, yarying only 4 or 
5° C., but the temperature in the draw settlers varies widely, 
liecause the level of the brine ebanges with the filling of the 
grainers, but the draw settlers do not remain empty for any 
length of time. As the grainers arc completely emptied when 
the .salt crystals are removed, and are not immediately refilled, 
their temperature also varies, ranging from atmospheric tempera¬ 
ture, which is sometimes zero, to 82° (A (176° F.). 

The settler tanks arc 158 ft. long, ii ft. wide, and 3 ft. 
deep; the grainers arc 158 ft. long, 11 ft. wide, and i ft. 8 in. 
deep. Owing to their length, these tanks were not built mono¬ 
lithic, but were constructed in sections about 13 ft. long, with 
bell joints, which allow a smooth inner surface. 

when it is remembered that in the bittern grainer the con¬ 
crete is ill contact with concentraled brine of 40° lie. yravity, 
it is evident lliiit good concrete will withstand even concen¬ 
trated brine solutions, because tbe plant has been in operation 
about four years and there are no appreciable signs of deteriora- 
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tion. The wide range in temperature, about iio° C., should 
also be noted. 

Protective Coatings. 

Four methods of treatment arc recommended by the U. S. 
Bureau of Standards ‘ for the protection of concrete floors, vats, 
tanks; reservoirs and other concrete surfaces against mineral 
acids and acid salts. The methods selected depend upon the 
character of surface to be covered, the*concentration and tem¬ 
perature of tlie acid, and whether the coating is required to resist 
abrasion, and cost. Tlie materials are bituminous comixjsitions 
of various kinds. 

Bituniinous Faints. — llituminous ])aints are used chiefly on ac¬ 
count of their cheapness and ease of application and when properly 
applied have given fair jirotection against mineral acids and 
acid fumes of low concentrations, when not subjected to abra¬ 
sion. They have been satisfactorily used on the walls of rooms 
and fume ducts and on tanks or other ves.sels with smooth walls 
such as are obtained with a jilaster or grout coat. Two kinds 
are marketed: those made with an as])halt and those with a coal 
tar pitch base, thinned to the desired brushing consistency with 
suitable volatile solvents. For very dilute mineral acids paints 
made from cither base arc suitable, but asjihalt ]Kiints appear to 
be somewhat more resistant than the coal tar paints against acids 
stronger th.an lo ])er cent. Asbestos fiber is sometimes added 
in order to increase the thickness of coating obtained. 

Bituminous paints will not resist abrasion and their effective¬ 
ness depends upon the tliickness and iinperviousness of the dried 
coating. Portkand cement is very susceirtiblc to acid of any 
strength, and conse(juently any pin holes due to faulty applica¬ 
tion or any abrasion in die .surface will he sufficient to destroy 
the protection afforded by the coating. Once the acid penetrates 
the paint coating it will readily soak into and disintegrate the 
concrete beneath and cause the jiaint coating to form blisters 
which will ultimately flake off. 

The most satisfactory method of applying bituminous paints 
is to use a thin priming coat to fill up the surface pores and 
thus obtain a good liond with the concrete surface, and when 
this is thoroughly dry, to apply carefully at least two coats of 
a thicker material of the same character or containing asbestos 
fiber, allowing sufficient time for tbe first coat to dry before 
the application of the second. 'Fhe primer can be made by 
thinning the thicker material with a suitable volatile solvent. A 
petroleum distillate such as mineral spirits or turpentine substitute 
is generally used for asphaltic paints, and coal tar distillates as 
solvent naphtha for the coal tar paints. It is important that the 
concrete surface be thoroughly dry and fairly dust free. Spe¬ 
cial care should also be taken to touch up and recoat all dull, 
brown, porous, and uncoated spots. At least one week should 
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elapse after the application of the last coat of paint before ex¬ 
posure to the acid. 

Specifications .—A specification upon which satisfactory ma¬ 
terial has been obtained is as follows; 

Acid-Proof lllack:—'I bis material shall be composed of a hif;!! 
grade of bitumen thinned with suitable volatile solvents to furnish 
a smooth, black product which shall dry in 24 hours and be un- 
aflfected by mineral acids of s|)ecified concentration. 

It must contain at least 40 ]ier cent of nonvolatile matter, 
mu.st not liver or thicken in the container or show any precipitate 
which is not readily di.s|)er,se<l, on stirring, ;md must conform 
to the following re(|uiremcnts: 

(a) When flowed on a piece of clean sheet iron approximately 
to cm. X 15 cm. x 0.4 mm. 14" x (<" x o.oit)") and allowed to dry 
for one week at room tem])erature, the film must withstand bending 
double quickly over a rod 5 mm. {%") in diameter without 
cracking or llaking. 

(b) A test piece prepared with two coats of the paint applied 
24 hours ai)art and dried for one week at room temperature 
shall be laid Hat and in different jtlaces several drops each of 
sulphuric acid sp. gr. J.25, nitric acid, s]). gr. I.t2, and hydro¬ 
chloric acid sp. gr. 1,09, .shall be allowed to remain on the surface 
of the film for 0 hours at room temperature, about 21" C. (70“ 
F,). d'hc drops of acid shall be covered with watch gla.sses so 
as to prevent evaporation. .After six hours the acid shall be 
washed off with taj) water and the film shall then be allowed 
to dry for twelve hours and examined. 'I'be spots exposed to 
the acid shall show no disintegration or browning and the luster 
shall not be im|)aired. 

Bituminous F»<;»«’/.s. - 'l'lie bituminous en.amels are used where 
protection for fairly long ijcriods against rel.'itively strong acids 
is desired, and when the cost of the structure justifies the extra 
exjx'iise of application. I hey can be employed both on smooth 
and rough walls and surfaces, and on account of the thickness 
of the coat u.sed an im])ervious coating is more easily obtained. 
Fhey will not resist abrasion at elevated tem[)cratures. 

The bituminous enamels consist of two materiids, the priming 
solution and the enamel |)roper. The ])riming .solution consists 
of a bituminous material, either as|ihalt or coal tar jiitch, with 
a melting point .sufficiently high to resist How at the ma.ximum 
temperature of service, and of low susceptibility to temperature 
changes, dissolved in sufficient volatile solvent to give a paint of 
thin brushing consistency. The enamel proper consists of a 
bituminous material similar to that used in the primer, with or 
without a finely powdered siliceous miivral filler. Although 
enamels are made without mineral filler, some mineral filler is 
regarded as desirable, as it increases the resistance of the enamel 
to flowing and sagging at elevated temperatures and to abrasion. 
The enamel is applied hot over the properly dried priming coat. 
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Specifications .—The following siiecifications should obtain ma¬ 
terial suitable for structures ex])ose(l to temperatures between 
15.5; r. (rx5° F.) and 60" C. (140“ F.). 

Ilituniinous Fnamel and I’rinier: -'I'his material shall consist 
of a bituminous primer and a hitntninous enamel which when 
applied to concrete surfaces will give a coating that will possess 
good adhesive qualities, will not How or sag from vertical surfaces 
at the highest prevailing temperature, will not become brittle at 
0° C. (32° F.) and will resist mineral acids of specified con¬ 
centration for long periods. 

Ilituminous Fnamel i- 'l'he enamel shall consist of a homogene¬ 
ous mixture of a bituminous material and finely powdered siliceous 
mineral filler. 'I'lie total amount of mineral filler, as determined 
from the ash, shall luit exceed 40 per cent nor he less than 15 
per cent by weight. Within the above limits the satisfactory 
working qualities of the enamel shall control the quantity of 
mineral filler u.sed. The mineral filler must pass a No. too sieve 
and when boiled for 15 minutes in the acids of the strengths 
hereinafter s|)ccified shall show not more than 5 per cent of sol¬ 
uble material.^ 

I’dttmiinous I'rimer:—The ])rimer shall consist of not less than 
40 per cent of a bituminous material similar to that u.sed in the 
enamel, shall contain no added mineral matter, and shall be 
thinned with a solvent to a satisfactory brushing consistency, 
it shall dry to a tacky state in 30 minutes, and shall not flash 
below 30° C, (86° I',) by the Tagliahuc Closed Tester. The 
solvent u.sed shall have a minimum toxic efTect upon workmen 
applying the primer within an enclosed space. 

Covering Power: -'I'he materials shall have the following cover¬ 
ing power: Ilituniinous I’rimer.— i gallon shall cover not less 
than IJ21J0 s(|. cm. (too si|. ft.) of surface. Kitutninous Fnamel.— 
I pound shall cover not less than 186 sip cm. (2 sq. ft.) of 
surface r.6 mm. to 3.2 mm. (Vio" to J/^") thick. 

Application .—Fxtrcine care should lie taken in the a|,)plication 
of these materials so as to obtain a continuous coat free from 
blisters and pinholes, and bonding well to the surface. I'lie 
concrete surface should be as dry as possible, and free from oil 
and grease and all loose particles and dust. The primer then 
should be applied and should be worked thoroughly into all 
hollows and pores. As the liond between the concrete surface 
and the enamel cr)at depends to a great extent upon the proper 
application of the ])rimer, before the application of the enamel, 
the primed surface should be thoroughly inspected and all brown, 
dull and uncoated spots should be touched up. When the primer 
has dried to a slightly tacky state, it is ready for the enamel. 

The enamel should be melted and carefully heated until it 
is sufficiently fluid for bru.shing, avoiding decomposition and 
carbonization. The temperature of the material in the kettle 
should not exceed 218° C. (425° F.). When fluid it should 
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be mopped on quickly, as it -sets and hardens very rapidly. For 
structures below ground or those in which the temperature never 
exceeds 38° C. (100° F.), material melting at a lower tempera¬ 
ture and made from a softer bituminous material may be used 
on account of its greater ease of application. It should not 
flow when exposed in a vertical [lositiou for live hours at qi)" ('. 
(120° F.) but should conform to the other requirements of the 
foregoing s[)ecitications. 

Acid-J’roof . Ispholt Maslics. —.\cid-proof asphalt mastics have 
been used extensively for floors and have gixen very satisfactory 
service in a wide variety of chemical and dye manuf.acturing 
plants, metal pickling, plating, acid tanks, and storage battery 
rooms, the pidp rooms of iiaper mills, in cop]X'r, gold, lead and 
other similar refineries, and in lal)oratories. Although used to 
some extent in the i)ast in tanks, vats, and reservoirs for acids 
and acid liquors, this use for acid-proof asphalt mastic has de¬ 
veloped greatly recently owing to the very satisfactory Irchavior 
of the material when exposed to acid conditions. In several 
copper refineries mastic has even l)een used for making pipes for 
carrying the acid liquors. 

Acid-proof asphalt mastiis are somewhat similar to the mi.x- 
tures u.sed in the construction of bituminous concrete, except 
that they contain a little more as|)haltic cement, so that when 
hot and rea<ly to lay they can be [xiured and are sufficieiifly 
plastic to be trowelled into place by wooden floats or light tamp¬ 
ing irons. When mi.xcd and reaily for laying, they usually 
consist of about 10 to 15 ])er cent by weight of asphaltic cement, 
approximately 20 per cent by weight of finely powdered siliceous 
mineral filler, jiassiug a No. 200 sieve, and the remainder properly 
graded sand or otlier acid resisting aggregate retained on a 
.No. 200 sieve and containing no particles larger than those pass¬ 
ing a N(.i. 3 sieve. The asphaltic cement usually has a melting 
point of 60 to 90° C. ( 140 to 210“ I'".), depending iqxm the 
conditions of service of the finished mastic, and may be composed 
either of llu.xed natural asph.alts or properly prepared oil 
asphalts. 'I'he proifer grading of the aggregate so as to get a 
mixture of maximum density is important, as upon it the sta¬ 
bility and efficiency of the finished mast' ■ largely depends. 

The asphalt cement and finely powdered mineral matter can 
be mi.xed together on the job or tliey ran he mixed by the 
manufacturer at his plant and shipped to the job in lilocks or 
cakes called “mastic blocks” or “mastic cakes.” 

The use of mastic block i.s most common and is to be pre¬ 
ferred. On very huge jobs, however, it may be more economical 
to incorporate the fine mineral filler directly at the site of the 
work. In that case, although not absolutely necessary, instead 
of an iron kettle with hand stirring, it is better to use a rotary 
mastic machine, preferably of a type in which the I'roducts of 
combustion do not enter the mixing drum. With a machine of 



ii 2 CHEMICAL RESISTANCE OF ’ENGINEERING MATERIALS 

this type there is less danger of burning and overheating the 
mastic. 

Mastic blocks consist of a mixture of asphalt cement of a 
definite melting point and consistency combined with the finely 
powdered mineral matter and sometimes part of the coarser 
aggregate. As much asphalt as possible is incorporated in the 
block without interfering with the shijjping qualities of the latter. 
The blocks should not stick together nor lose their shape during 
shipment. Mastic block contains from 12 to 18 per cent of 
asphalt by weight, from 40 to Go per cihit by weight siliceous 
dust passing a No. 200 sieve and the remainder sand coarser 
than a No, 200 sieve, Init passing a No. 3 sieve. It comes to 
the market in sipiarc, octagonal, circular, etc., shajjed blocks 
or cakes weighing from 50 to ()o ll)s. each. 

In the laying of mastic, asphaltic materials called fluxes are 
u.sed for tempering or increasing tlie asphalt content of the 
mixture. The fiiixcs are usually designated .as “hard and soft 
flu.xes.” The “hard lluxes" arc used for raising the melting 
point of the asphalt cement in the mastic, and the so-called soft 
flu.xes for increasing the asphalt content without necc.ssarily 
changing the melting point of the asphalt cement present. The 
“hard flux” generally is straight refined Trinid.ad asphalt, highly 
blown petroleum asphalt, fluxed grahamitc, or wurtzelite i)itcii 
with a melting point (Ring and Hall Method) of approximately 
93° C. (2(X}° h'.). The “soft flux’’ usually is fluxed Trinidad 
or low melting petroleum asphalts similar to the asjihalt used in 
the m.astic block. Occasionally, “fluxes” melting ;it temperatures 
below fio° C. (140“ k'.), between 71 to 82° C. (ibo to iSo° 1 *’.), 
and even as high ;is 138’ C. (280“ h'.) are u.sed for .special 
purposes. 

For use the blocks are broken tip and placed in a mastic 
kettle or the drum of a nua.stic machine. Sufficient “hard or 
soft’’ is added to meet the particular conditions of the job, and 
the mixture is hetited and stirred or mi.xed until the block is en¬ 
tirely disintegrated and the mass is homogeneous. The miner,al 
aggregate is then added and the mass heated :it a|)])roximately 
218° C. (425° 1 '.) with stirring until the mi.xturc is homogeneous 
and .sufficiently fluid for pouring. 

Mastic is most efifectivc when applied at least one inch thick; 
for flooring, when more than one inch is required, the mastic 
is laid in two courses of approximately equal thickness with 
staggered joints. In s[)ecial instances wire mesh or expanded 
metal is used for reinforcing, particularly in tank work where 
there are vertical surfaces. Imr the latter the mastic is usually 
cast in a special form. 

Specification .—A proposed specification for acid-proof asphalt 
mastic is as follows: 

Acid-proof asphalt mastic shall be composed of asphalt cement, 
clean, sharp-grained sand and fine absorbent siliceous matter. 
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These materials shall be mixed in the proper proportions and 
shall be applied hot to the concrete surface which has been prop¬ 
erly graded to drains and which shall be free from sharp pro¬ 
jections, dirt and other foreign matter. IMastic blocks shall be 
used except where proper equipment is at hand for thoroughly 
incorporating the fine mineral filler into the asphalt. 

The mastic block shall consist of asphtdt, fine siliceous mineral 
filler, and other siliceous aggregate. 'I'lie mineral filler and 
<tSg’’cg<ite shall all pass a No. 20 sieve and sufficient fine ma¬ 
terial pass a No. 200 sieve shall be present in the block to give 
in the finished fiooring from 20 to 25 per cent of mineral matter 
passing a No. 200 sieve. The asphalt shall have the following 
characteristics and shall constitute between 12 and iX per cent 
by weight of the block: 


Melting Point (Ring and Hall .Metlnxl). .Sa.s 71° C. 

(F.) 

Penetration at 25° C. (77° F'.), too g., 5 sec. >5-40 

Ductility at 25° C. (77“ I'.). min.' i.s cm. 

Volatile matter at 163“ C. (325“ F'.) for 5 hrs... 


The blocks shall be prepared in suitable kettles with stirring 
so that all particles of the aggregate and filler .-ire coated and 
a homogeneous mass is obtained, ;md .sltall be delivered on the 
job in blocks pkiinly marked with the brand of the manuftiettirers, 
and weighing between 50 and ijo fits. each. 

The “'soft flux” shall preferably be similar to the asphalt 
cement used in the mastic block and shall have the following 
characteristics; 

Melting Point (Ring ami Hall -Method I . C. 

(130-160" F'.) 

Penetration at 25° C. (77” F'.), kh) g., 5 .sec. 15-40 

Ductility at 25° C. (77“ FM. min.' 15 cm. 

Volatile matter at 163° C. (325" F.) for 5 hrs... 1.5% 

The ‘'hard llti.x” .shall be either a refined or Iluxcd Trinidad 
asphalt or petroleum asphalt of the following charaeteristies; 

Melting Point (Ring and Hall .Method). 82-oy°C. 

(180-210" F'.) 

Penetration at 25° C, (77° F'.), too g., 5 .sei. max., ,10 

Penetration at 46° C. (115° F'.), 50 g., s sec. max., .20 

Volatile matter at 163° ti. (325° F'.) for 5 hr.s... 1.5% 

The mineral aggregate shall be sand and small gravel. It 
shall be clean, hard-grained and free from clay, silt, limestone, 
organic and other foreign matter, and shall be properly graded 
from coarse to fine so as to produce a mixture of the greatest 
density and stability without interfering with the proper mixing 
and working of the materials. 

■When tested on the laboratory sieves it should have approxi¬ 
mately the following characteristics: 
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Passing a No. 3 sieve. 100% 

Total passing a No. 8 sieve. 40-fo 

Total passing a No. 30 sieve. 10-40 

Total passing a No. 100 sieve. o-io 


If the local material available is not within the above re¬ 
quirements, it may be used provided that the finislied mastic will 
have approximately the same density as mastic made with aggre¬ 
gate Conforming to these specifications. 

Use for Construction.~Nlz.M\c blockg shall be cracked and 
Inoken up into small pieces, weighed and placed in the mastic 
kettle or drum of the mastic machine. The proper quantity of 

flux of suitable grade to give the finished mastic the proper 
characteristics for the conditions of service to be met shall then 
be added. The block and “flux ’ shall be heated together and 
stirred with iron rods or by revolving the drum of the machine 
until the block is entirely disintegrated and the whole mass is 
fluid and homogeneous. 

The mineral aggregate which shotild be dry and. if possible, 
heated beforehand, shall then be added and thoroughly stirred 
m. The heating and stirring shall be continued tmtiralf particles 
are thoroughly coated aitd the mass is sufliciently fluid to be 
pottred and properly worked into place. The temperature of 
heating and mi.sing shall be as low as possible and at no time 
shafl exceed t . (450° h'.). .\ maximum temperature of 

21S C. (425° T.) is better, as there is less chatice of burning 
and decomposing the a.sphalt. This .should deliver a batch having 
a temperature of between 190.5 and 205° C. (375 .-md 4<xi° I'.). 

When used for floors and horizontal surfaces, the hot mix¬ 
tures shall then be carried from the kettle in reinforced oak 
buckets, iron wheelbarrows, or other suitable containers, and 
Ijoured on the clean dry concrete surface. It shall then be 
smoothed out and worked under wooden floats until it is free 
front voids and has a uniform thickness of approximately 2.5 cm. 
(l inch). It shall then be .sprinkled with fine dry, sharp sand, 
and the surface rubbed smooth. In making joints hot mastic 
shall be spread at least 10.2 cm. (4 inches) over the edge of 
the cold mastic already in place, so that the cold edge will become 
soft and, after the excess material is removed, can be worked into 
a iterfect bond with the new strip being laid. 

When applied in the construction of tank walls and vertical 
surfaces, a wood or metal form with a slightly curved flare at 
the bottom to join with the mastic bottom shall be used. The 
side of the form to come in cotitact with the mastic shall be 
coated with a sohttioti of soap, talc, or other siliceous dust and 
water to prevent sticking of this mastic. This form shall then 
be set far enough from the concrete wall or surface to be covered 
so as to give a mastic coating of the required thickness. 

Expanded metal lath shall be used as a reinforcing for the 
mastic and shall be fastened by any suitable means to the con- 
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Crete wall, etc. The concrete shall be primed witli an asphalt 
paint and when the paint has dried to a tacky condition the 
hot mastic shall be poured into the form and worked and tam|)ed 
so as to flow completely thrmyt;!! tlie meshes of the lath and to 
form a dense mixture as free from voids as possible. When llie 
ma.stic has cooled and set the form shall lie removed and the 
surface of the mastic rulihed smooth with shar|i grain sand. 

. Icid-proof /Isphcilt flooriiu/ t m/i/’o.vi 7 /m(.-- .Acid-proof aspliall 
flooring compositions for cold applications are sometimes im¬ 
properly referred to by the term “mastic " or “mastic flooring” 
because they arc used like true mastic for floors. I'lie term 
“mastic,” however, is very delinite and is pro])erly tipplied to 
tho.se bituminous mixtures containing mineral filler and coarse 
sand or fine gravel which, when sufficiently heated, melt to a 
thick fluid mass that c;in he poured into place and can he spread 
and com|)acted liy h.aml with wooden trowels, floats, or light 
rollers. 

.Acid-proof asphalt flooring compositions for cold application 
are of trowelling consistency and consist essentially of a rela¬ 
tively hard asphalt, asbestos, liber, and finely powdered siliceous 
mineral filler, thinned with a volatile solvent. When the solvent 
evaporates, a very thin coherent coat of the intimately mixed 
asplialt and minertd imitter is left behind. 

.Acid-proof asphalt flooring compositions arc used chiefly where 
a thin surfacing for concrete floors is desired, as in laboratories 
which do not htive to withstatid ;my tralfic heavier than wttiking. 
The black cotnposition is most resistatit to acid but where n|)- 
pearance is of itniiortance, red, lirown, and olive green .are some¬ 
times used. In ih.at ctise only the top two or three co.ats of 
composition contain pigment. 

In general four differetit comjiositions are itscd in ap])lyitig 
these coatitigs, viz., primer, body coat, neat or finishing coat, .and 
floor dressing. 

The primer cotisists of about three parts of asphalt dissolved 
in .seven parts of ;i volatile solvent. It is of fairly thin con¬ 
sistency and dries to a tacky sttite in from pj to 3 hours iti 
which condition it is sititable for the aiiplicatioit of the 
succeeding coats. 'Fhe asphalt used in the primer is similar 
to that used in the body coat and fmishitig coat .atid has a 
melting point (Kitig and ISall Method) of .S8 to rib” (A (190 
to 240° K.) and a i)enetration at 25'' C. (//“ F.), too g. 5 sec., 
of about 10. 

The body coat is always bkick in color, is of heavy trowelling 
consistency, and dries hard in from 12 to 48 hours. It con¬ 
sists of asphalt, asbestos fiber, small amounts of fine siliceous 
mineral matter, and a sititable volatile solvent. 

For colors other than black a compositiott called the first 
colored top coat is used directly on top of the body coat and 
before the application of the neat or finishing coat. It dries 
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hard in about the same time as the body coat and consists of 
asphalt, asbestos, fiber, pigment, and volatile solvent. 

The neat or finishing coat may lie black, red, olive green, or 
brown. It usually contains no a.sbcstos. The black composition 
consists of asphalt, fine siliceous materi.al, and solvent. The 
colored compositions contain pigments instead of part or all of 
the fine siliceous material. 

The .lloor dressing is a very thin liquid of a varnish-like char¬ 
acter and is aiiplied like a varnish or lloor dressing over the 
completed floor. 

b'rom the analysis of compositions of the above types received 
at the lltireau of .Standards, the following general formulas have 
been obtained: 





First 

Neat or 




Top 

Finishing 



Podv 

Coat 

Material 


I’rimcr 

Coat 

(Red) 

(Red) 

Constituents 

Per Cent Per Cent 

Per Cent 

Per Cent 

Mineral s]»irits or other volatile sol- 





vent . 

65-70 

33-42 

30 36 

25-32 

A.spliall . 

3 f >“35 

12 16 

8-20 

lO-II 

Asiicstos and fine siliceous material 


42-55 

20-22 

05 

I’i^nneiit . 



30-34 

57-60 


ITiion I Ikkssi 


MiiK'ral .spirits . 70-S5 per cent 

Noii-volatilo (oil or resin). 15-30 p<T cent 

I'or the application of a lloor of this type over concrete the 
following procedure is generally used: 'I’he clean, dry, dust- 
free concrete is gi\x‘n one co.at of the primer with a brush and 
when this has dried to the tacky state, which re(|uires usually 
from one-half to three hours, a thin layer, about o.S mm. (%2 
inch) thick, of the body coat composition is trowelled on and 
smoothed out. When this has dried for 24 to 48 hours, it is 
rolled with a light wood or iron roller, and successive 0.8 mm. 
(J/,2 inch) coats of the body composition are apidied until the 
required thickness is oht.iined. The lloor is then finished with 
one or two 0.8 mm. (inch) co.ats of the neat or finishing ma¬ 
terial. In the case of colored floors, a coat of the first colored 
top composition is substituted for one coat of the body composi¬ 
tion. When the completed lloor has dried for about 48 hours 
it is given a final rolling and then a thin coat of the floor 
dressing which dries to a gloss and prevents dustmg to some 
extent, or it can be given a coating of a good lloor wax applied 
in the ordinary way. 

The chemical research division of the U. .S. .S. Lead Refinery 
Inc., Last Chicago, Ilk, has produced a proprietary solution of 
interest to industries where acids or oils enter into the processes, 
because the tests show that ordiiiary concrete is rendered prac¬ 
tically inactive to .acid solutions and oils. 

The concrete surface at the time of each treatment must be 
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free from dirt, oil or grease, and must be dry and set at the 
time of the first application. One part of proofing solution is 
diluted with two parts of water and applied with a brush. After 
allowing to stand for twenty-four hours the second coat is ])ut 
on, consisting of equal parts of proofing solution and water. 
This is allowed to stand for twenty-four hours and a third coat 
is applied, consisting of two parts of proofing .solution to one 
part of water. When the concrete is very porous a fourth ap¬ 
plication of straight ])roofing solution is rcconnnended. At the 
completion of the process the surface is dry and flushed with 
water. When the sohnitju is thus brought into contact with the 
concrete it precipitates acid-resisting compounds into the pores 
of the mass, causing the new surface to hccome an entirely differ¬ 
ent chemical composition from the origin.al concrete, this effect 



Fig. 21.—ConiparisiMi of Iffteit of Acid on Protected and Unprnlcctcd 
('oncrctc. 

j)enetrating to a depth of about inch, 'I'his new surface 
chemically formed is hard and Hint like in structure and is not 
attticked by any ordinary acid solutions or oils. It is also very 
hard and resi.stant to wear. 

It is now' in use on floors subjected to acid slops at the Willard 
Storage flattery Company and is being used by a number of 
chemical firms for the construction of acid tanks, and is claimed 
to be superior to acid-proof brick. 

The illustration shows a com|iarison hetween a treated and 
untreated slab of concrete whicli has been immersed in a 20 
per cent acetic ;icid solution for tipwards of 20 days. 

F. W. h'rerichs describes in detail the installation of large 
concrete tanks for the storing of animoniacal liquors. Descrip¬ 
tion is also given of permeability tests. Storage tanks of am- 
moniacal liquors arc usually constructed of steel. On account 
of war conditions steel plates were not available and it was de¬ 
cided to construct the tanks of concrete. 
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Preliminary experiments indicated that crude and ammoniacal 
liquors did not affect good concrete. Four small experimental 
tanks were constructed and subjected to tests in order to ascer¬ 
tain the permeability of concrete wails to water and aqua-am¬ 
monia. One tank was made of cement . concrete consisting of 
one part cement, two parts sand and four parts gravel. This 
was numbered “A.” Tank “P” was made from the same mix 
with tyvo per cent hydrtited lime added before mixing. Tanks 
“C” and “D” contained two per cent each of two stearate water¬ 
proof materials on the market. The tanks w’ere located in the 
open air exposed to the sun and the outside surface appeared 
di'}'. After ten days’ drying, tests w’ere conducted to ascertain 
the permeability of the tanks to water and to ammoniacal liquor. 

i’ermeahility to water. - Tanks were filled with water i8 
inches high to wdthin G inches from top and the iron covers 
luted on tightly with cement, (.'ounting the decrease for the 
first day for saturation of the concrete, then the average evapora¬ 
tion per day per square foot outside area (25 square feet) was 
for "A” 2.8 cubic inches; “I!” i.o cubic inches; “C” 0.7 cubic 
inches; ‘'D” 2.8 cubic inches. 

Pcrmealiility to iS inch af|ua-ammonia. -'I'anks were filled 
with ac|ua-ammonia to within 6 inches from to]> and the iron 
covers luted on tightly with cement. Counting the decrease for 
the first two days for saturation of the concrete, then the average 
evaporation per day per square foot outside area cxpo.sed to 
the atmosphere (25 square feet) was for “A” 3.5 cubic inches: 
“B” 1.0 cubic inches; ‘'C” 1.25 cubic inches: “D” 1.02 cubic 
inches. 

The tanks were then dried and painted on the inside with three 
coats of raw gas tar. The tar used for the first coat was 
thinned down with about 10 per cent turpentine, which caused 
the tar to penetrate about % inch into the concrete. After one 
weeks’ drying, the tanks were tested again with ammoniacal 
liquor and during several months there was no appreciable loss. 

Other .small experimental tanks were then built with and with¬ 
out waterproof compounds mixed with the concrete. The plain 
concrete tanks proved as water tight as those in which the com¬ 
pounds were used. It was concluded from these experiments 
that waterproof tanks could be liuilt and three large tanks (35 
feet inside diameter by 26 feet deep) were then Imilt in a con¬ 
crete [lit. Fxcavation was made in the slope of a river bank, 
partly in earth and partly in solid rock. 'I'he bottom, sides, and 
walls rested on solid rock and all necessary engineering pre¬ 
cautions were taken. Methods of construction are outlined and 
emphasis is given to the importance of continu(.ius concreting 
from the time w'alls are started. 'I'he concrete in the tank walls 
is composed of one iiart red ring Portland cement, two parts 
sand, and three parts washed and screened Meramec gravel. 'Pile 
tanks were dried out, the bottom, sides and roof of the interior 
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were coated with three coats of tar applied with a brush as an 
additional precaution against leakage and licjuid gas. 'I'he tanks 
were then te,sted. I'here was some leakage through slight lifting 
cracks in the walls of the first tank built. "I'his was due to the 
slow movement of the forms. .Such cracks were avoided by more 
rapid movement of forms on the balance of the work an<l the 
leaks gradually healed and di.sapiK'ared. 'bank capacity is about 
185,000 gallons and cost ap])ro.\im,'itely $10,000 e.\i-lusive of the 
tank pit. 
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APPENDIX 

In the following pages the authors have attempted to assemble 
a few tables which will be of value in connection with the use of 
this book. In compiling appendixes of this character it is difficult 
to know where to stop and it would be easy to expand such a col¬ 
lection into a small engineering handbook. Wc have endeavored 
to include only .such tables as are likely to be very frequently re¬ 
ferred to, thus saving the reader the trouble of turning to another 
volume for necessary data. Wc have also included some tables of 
the physical properties of certain metals and alloys which are par¬ 
ticularly important in connection with chemical engineering work. 
In most instances, these tables have been culled from current 
technical literature and are not found in the standard engineering 
handbooks. We have not included tables of physical properties 
of the ordinary engineering metals such as iron, steel and copper, 
for the reason that these are readily available in such handbooks 
and arc given there in much more extended form than would be 
possible in these pages. 

livery effort has been made to insure accuracy in the copying 
of the tables given in this Appendix, but the authors have not 
attempted to check the original data in any way. 

Gratefid acknowledgement is made of the yarious sources from 
which the tables have been obtained. 
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MOLAR 

Molar solutions are solutions containing one formula weight 
of substance, expressed in grams, per liter of solution. Example: 
The formula weight or molecular weight of sulfuric acid, H2SO4, 
is in round numbers 98 . It is obtained by adding together the 
atomic weights of the constituent atoms. A molar solution of 
sulfuric acid therefore contains 98 grams of sulfuric acid per liter. 

NORMAL 

The idea of a normal solution of a base or acid is based on the 
number of ionizable hydroxyl groups or hydrogens it contains. A 
normal solution of an acid contains an amount of acid per liter of 
solution equal to the formula weight expressed in gr.ams divided 
by the number of ionizable hydrogens in the molecule. A noimal 
solution of a base contains an amount of base per liter equal to 
the formula weight expressed in grams divided by the number of 
ionizable hydroxyl groups in the molecule. Example: Sulfuric 
acid contains two ionizable hydrogens; consequently a normal 
solution contains Yi formula weight, or 49 grams per liter. 

CONCENTRATION 

The concentration of solute in a solution is usually expressed in 
terms of gram formula weights per liter or grams per liter. It is 
a weight-voliune ratio and does not bear a simple relation to 
percentage or molar percentage which are weight-weight ratios. 

DENSITY AND SPECIFIC GRAVITY 

The density of a liquid or a gas is the weight in grams of one 
cubic centimeter; it varies with pressure and temperature. The 
specific gravity of a liquid is the ratio of the weight of a given 
volume of the liquid to the weight of the same volume of water at a 
definite temperature. The reference temperature for water is 
variously chosen as that of the liquid in question, 4 ° C (maximum 
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density of water) or 0 ° C. The specific gravity of a gas is usually 
taken as the ratio of the weight of a given volume of gas at one 
atmosphere pressure and 0 ° C to the weight of the same volume 
of air or of hydrogen at the same pressure and temperature. 

ELECTROLYTIC ACTION 

When two different metals, or a metal and certain inert elec¬ 
trical conductors are placed in a conducting solution they develo]) 
different electric potentials. If they are in electrical contact, a 
cell is formed and a current Hows caused by a chemical reaction 
which results in the solution or disintegration of one or both of 
the electrodes. Such conditions are met with frequently in in¬ 
dustrial work and are often the cause of severe corrosion. 
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COMBINING (ATOMIC) WEIGHTS 

0 = 16 


Aluminum. 

.A1 

27.1 

Molybdenum. 

.Mo 

96.0 

Antimony. 

.Sb 

120.2 

Neodymium. 

Nd 

144.3 

Argon. 

.A 

,19.88 

Neon. 

.Ne 

20.2 

Arsenic. 

.As 

74.96 

Nickel.,. 

,Ni 

58.68 

Barium. 

.lia 

1,17.37 

Niton. 

.Nt 

222.4 

Bismuth. 

.Bi 

208.0 

Nitrogen. 

.N 

14.01 

Boron. 

.B 

11.0 

Osmium . 

,()s 

190.9 

Bromine. 

.Br 

79.92 

Oxygen. 

.() 

16.00 

Cadmium. 

.Cd 

112.40 

Palladium. 

.Pd 

106.7 

Caesium. 

.Cs 

132.81 

Phos])horus. 

.P 

31.04 

Calcium. 

.Ca 

40.07 

Platinum. 

.Ft 

195.2 

Carbon. 

.c 

12.005 

Potassium. 

K 

.19.10 

Cerium. 

.Ce 

140.25 

Praseodymium. 

.Pr 

140.9 

Chlorine. 

.Cl 

35.46 

Radium. 

.Ka 

226.0 

Chromium. 

.Cr 

52.0 

Rhodium. 

.Kb 

102.9 

Cobalt. 

.Co 

58.97 

Rubidium. 

.Rb 

85.45 

Columbium . . 

.Cb 

93.1 

Ruthenium. 

Ru 

101.7 

Copper. 

.Cu 

63.57 

Samarium. 

. Sa 

1,50.4 

Dysprosium.... 

.Dv 

162.5 

Scandium. 

.Sc 

44.1 

Erbium. 

.lir 

167.7 

Selenium. 

.S<^ 

79.2 

Europium. 

.Ku 

152.0 

Silicon. 

.Si 

28.3 

Fluorine. 

.F 

19.0 

Silver. 

■ Ag 

107.88 

Gadoliniuiti.... 

.Gd 

157.3 

Sodi\im. 

• Na 

23.00 

Gallium. 

.Ga 

69.9 

Strontium. 

.Sr 

87.63 

Germanium . , 

.Go 

72.5 

Sulj)hur. 

.S 

32,06 

Glucinum. 

.Gl 

9.1 

Tantalum. 

.Ta 

181.5 

Gold. 

.Au 

197.2 

Tellurium. 

Te 

127.5 

Helium. 

.He 

4.00 

Terbium. 

Tb 

1,59.2 

Holmium. 

.Ho 

163.5 

Thallium. 

T1 

204.0 

Hydrogen. 

.H 

1.008 

Thorium. 

.Th 

232.4 

Indium. 

.In 

114.8 

Thulium. 

.Tm 

168.5 

bxlino. 

.1 

126.92 

' Tin. 

Sn 

118.7 

Iridium. 

.Ir 

193.1 

Titanium. 

.Ti 

48.1 

Iron. 

.Fi^ 

55.84 

Tungsten. 

.W 

184.0 

Krypton. 

.Kr 

82.92 

Uranium. 

.U 

2.18.2 

Lanthanum.... 

.La 

1,19.0 

Vanadium. 

.V 

51.0 

Lead. 

.Fb 

207.20 

Xenon. 

.Xe 

1 .10.2 

Lithium. 

.Li 

6.94 

Ytterbium (Neovlter- 



Lutecium. 

.Lu 

175.0 

bium). 

.Yb 

173.5 

Magnesium .... 

.Mg 

24.32 

Yttrium. 

.Y 

88.7 

Manganese. 

.Mn 

54.93 

Zinc. 

.Zn 

65.37 

Mercury. 

.Hg 

200.6 

Zirconium. 

.Zr 

90.6 
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DOMESTIC WEIGHTS AND MEASURES 


Apothecaries’ Weight 

20 grains. 1 scruple 

3 scruples.1 dram 

8 drams. 1 ounce 

12 ounces. 1 pound 

Avoirdupois Weight 

(short ton) 

n\\ grains. 1 dram 

16 drams. 1 ounce 

16 ounces. 1 pound 

14 pounds.1 vSlone 

25 pounds. 1 tpiartcr 

4 quarters..! hundredweight (ewt) 

20 hundredweights. 1 ton 

Avoirdupois Weight 

(long ton) 

27J1 grains. 1 dram 

16'drams. 1 ounce 

16 ounces. 1 pound 

112 pounds. 1 hundredweight 

20 hundredweights. 1 ton 

Circular Measure 

60 seconds. 1 minute 

60 minutes. 1 degree 

30 degrees. 1 sign 

12 signs , . .1 circle <.>r circumference 

Cubic Measure 

1728 cubic inches.1 cubic f(M)t 

27 cuV>ic feet.I cubic yard 

Dry Measure 

2 pints... 1 quart 

8 quarts. 1 peck 

4 pecks. 1 bushel 

Liquid Measure 

4 gills. 1 pint 

2 pints. 1 <iuar 1 

4 quarts. 1 gallon 

31 gallons. 1 barrel 

2 barrels. . .'. 1 hogshead 


Long Measure 


12 inclies. 

.1 foot 

3 feet. 

.1 yard 

5 y -2 yards. 

. 1 rod or pole 

40 rods. 

. 1 furlong 

8 furlongs. 

.... 1 statute mile 

5280 feet. 

.... 1 statute mile 

1760 yards. 

. 1 statute mile 

3 miles. 

. 1 league 


Mariner’s Measure 


6 feet . 

120 fathoms. 

7 ^ 2 cable kMiglbs 

5280 feet. 

6085 feet. 


.1 fathom 

. 1 eable length 

.t mile 

. 1 statute mile 
\ nautical mile 


Paper Measure 

24 sheets.1 (pure 

20 cjuircs.1 short ream 

500 sheets.1 long ream 

2 H'ams.1 bundle 

5 iumdles.1 bale 


Square Measure 


144 sqxiarc' inches 
9 scjuare feet. . 
3 OI 4 square yards. 

40 square rods . 

4 roods. 

640 acres. 

.^6 squar(“ miles. 


. . I s(|uarc font, 
. 1 scpiarc yard 
1 square rofi or 
pereh 

.1 rood 

.1 acre 

. , 1 s(iuare mile 
. . . , 1 township 


Troy Weight 

24 grains.1 ])ennyweight 

20 pennyweights.I ounee 

12 ounces.1 i^oimd 
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METRIC EQUIVALENTS 


Approximate 


1 acre. 0,40 

1 bushel. .^5. 

1 centimeter. 0,39 

1 cubic centimeter. 0.061 

1 cubic foot. 0.028 

I cubic inch. 16. 

1 cubic meter. 35. 

1 cubic meter. 1.3 

1 cubic yard. 0.76 

1 foot.? 0 . 

1 gallon (U. S.). 3.8 

1 gallon (ImpiTial). 4,5 

1 grain. 0.065 

1 gram. 15. 

1 hectare. 2.5 

1 inch. 25. 

1 kilogram (kilo). 2.2 

1 kilometer. 0.62 

niter. 0.91 

I liter. 1.1 

1 liter. 0.88 

1 meter. 3.3 

1 mile. 1.6 

1 millimeter. 0.039 

1 ounce (av’d). 28. 

1 ounce (Troy). 31. 

1 peck.. 8.8 

1 pint (liquid). 0.47 

1 pound. 0.45 

1 quart (<Iry). 1.1 

1 quart (liquid). 0.95 

1 square centimeter. 0.15 

1 square foot. 0.093 

1 square inch. 6.5 

1 square meter. 1.2 

1 square meter. 11 . 

1 square yard. 0.84 

1 ton (2,000 lbs.). 0.91 

1 ton (2,240 lbs.). I. 

1 ton (metric). 1.1 

1 ton (metric). 0.98 

1 yard. 0.91 


Exact 

hectare. 0.4047 

liters...-.. 35.24 

inch. 0.3937 

cubic inch. 0.0610 

cubic meter. 0.0283 

cubic centimeters. 16.39 

cubic feet. 35.31 

cubic yatds. 1.308 

cubic iiK'tcT. 0.7646 

centimeters. 30.48 

liters. 3.785 

liters. 4.546 

gram. 0.0648 

grains. 15.43 

acres. 2.471 

millimeters. 25.40 

pounds. 2.205 

mile. 0.6214 

quart (dry). 0.9081 

quarts (li<iuid) (U. S.) .. . 1.057 

quart (liquid) (Imperial).. . 0.8799 

feet.b281 

kilometers. 1.609 

inch. 0.0394 

grams. 28.35 

grams.M.IO 

liters. 8.810 

liter. 0.4732 

kilogram. 0.4536 

liters. 1.101 

liter. 0.9463 

square inch. 0.1550 

square meter. ().' 929 

square centimeters. 6.452 

square yards. 1.196 

square feet. 10.76 

square meter. 0.8361 

metric ton. 0.9072 

metric ton. 1.016 

ton ( 2,000 lbs.). 1.102 

ton (2,240 lbs.). 0.9842 

meter. 0.9144 


Relations of British and American Units 

1 U. S. gallon = 0.83268 Imperial gallon 
1 U. S. bushel =0.96945 Imperial bushel 
1 Imperial gallon = 1.20094 U. vS. gallon 
1 Imperial bushel = 1.03151 U. S. bushel 
Imperial gallon=approx. 277 c. in. 

Imperial bushel=approx. 2219 c. in. 

1 British gallon ale or beer= 1,2208 U. S. gallon 
Barrel (British) or tierce =42 gallons 
Barrel (U. S. liquid, oil, etc.)* 31.5 gallons 
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EQUIVALENT TEMPERATURE READINGS FOR FAHRENHEIT AND 
CENTIGRADE SCALES 


Fahrenheit 

Dcgs. 

Centigrade 

Degs. 

Pahrenboit 

Degs. 

Centigrade 

Degs. 

Fahrenheit 

Degs. 

Centigrade 

Dcge. 

' 

Fahrenheit 

Dcge. 

Centigrade 

Dege. 

-459. 

4 

-273. 

21 


-29 

44 

17.60 

- 8 


56 


13.33 

-436. 


-270. 

-20 

20 

-29 


18 

-■ 7 

78 

57 


13.89 

-418. 


-260, 

-20 


-28 

89 

19 

- 7 

22 

57 

20 

14. 

-400. 


-240. 

-10 


-2H 

,33 

19,40 

- 7 


58 


14.44 

-382. 


- 230. 

-18 

40 

28 


20. 

- 6 

67 

59. 


15. 

-364 


-220. 

-18 


-27 

78 

21. 

- 6 

11 

60 


15.56 

-346. 


-210. 

17 


-27 

22 

21.20 

- 6 


6(1 

SO 

16. 

-328. 


-200. 

-16 

60 

-27 


22. 

- 5 

56 I 

61 


16.11 

-310 


-190. 

-16 


-26 

67 

23. 

- 5 


62 


16.67 

-292. 


-180. 

- 15 


-26 

11 

24. 

- 4 

44 

62 

60 

17. 

-274 


-170. 

-14 

,so 

-26 


24.80 

- 4 


63 


17.22 

-256 


-160. 

-14 


-25 

56 

25, 

- 3 

89 

64 


17.78 

-238. 


-150. 

-13 


-25 


26. 

- 3 

33 

64 

40 

18. 

-220 


-140. 

-12 


-24 

44 

26.60 

- 3 


65 


18.33 

-202 


-1,30. 

- 11 

20 

-24 


27. 

- 2 

78 

66 


18.89 

-184 


-120. 

-11 


-23 

89 

28. 

- 2 

22 

66 

20 

19. 

-166 


-no. 

-10 


-23 

33 

28.40 

- 2 


67 


19.44 

-148 


-100. 

- 9 

40 

-23 


29. 

- 1 

67 

68 


20. 

-139 


- 95. 

- 9 


-22 

78 

30. 

- 1 

11 

69 


20.56 

-130 


- 90. 

- 8. 


-22 

_22 

,30.20 

- 1 


69 

80 

21. 

-121 


- 85. 

.... 7 

60 

-22 


31. 

- 0 

56 

70 


21,11 

-112 


- 80. 

- 7 


-21 

67 

32. 

0 


71 


21.67 

-103 


' — / . 

- 6 


-21 

11 

33. 

h 0 

56 

71 

60 

22. 

- 94 


- 70. 

-- 5 

80 

-21 


33.80 

1 


72 


22.22 

- 85 


- 65. 

- 5 


-20 

56 

34. 

1 

11 

73 


22.78 

- 76 


- 60. 

- 4 


-20 


35. 

1 

67 

73 

40 

23. 

- 67 


- 55. 

- 3 


-19 

44 

35.60 

2 


74 


23.33 

- 58 


- .SO, 

- 2 

20 

-19 


36. 

2 

22 

75 


23.89 

- 49 


- 45. 

- 2 


-18 

89 

37. 

2 

78 

75 

20 

24. 

- 40 


- 40. 

1 


-18 

33 

37.40 

3 


76 


24.44 

- 39 


- ,39,41 

-0., 

0 

-18 


38. 

3 

33 

77 


25. 

- 38 

20 

- 39. 

0 


-17 

78 

39. 

3 

89 

78 


25.56 

- 38 


- 38.89 

-I- 1 


-17 

22 

,39.20 

4 


78 

80 

26. 

- 37 


- 38.33 

1 

40 

-17 


40 

4 

44 

79 


26.11 

- 36 

40 

- 38. 

2 


-16 

67 

41. 

5 


80 


26.67 

- 36 


- 37.78 

3 


-16 

11 

42. 

5 

56 

80 

60 

27. 

- 35 


- 37.22 

3 

20 

-16 


42.80 

6 


81 


27.22 

- 34 

60 

- 37, 

4 


-15 

56 

43. 

6 

11 

82 


27.78 

- 34 


- 36.67 

5 


-15 


44. 

6 

67 

82 

40 

28. 

- 33 


- ,36.11 

6 


-14 

44 

44.60 

7 


83 


28,33 

- 32 

80 

- 36. 

6 

80 

-14 


45. 

7 

22 

84 


28.89 

- 32 


- 35.56 

7 


-13 

89 

46. 

7 

78 

81 

20 

29. 

- 31 


- 35. 

8 


-13 

3.3 

46.-40 

8 


85 


29.44 

- 30 


- ,34.44 

8 

60 

-13 


47. 

8 

33 

86 


30. 

- 29 

20 

- 34. 

9 


-12 

78 

48. 

8 

89 

87 


30..56 

- 29 


- ,3.3.89 

10 


-12 

22 

48.20 

9 


87 

80 

31. 

- 28 


- 33..33 

10 

40 

-12 


49. 

9 

44 

88 


31.11 

- 27 

40 

- 33. 

11 


-11 

67 

50. 

10 


89 


31.67 

- 27 


- 32.78 

12 


-11 

11 

51. 

10 

56 

89 

60 

32. 

- 26 


- 32.22 

12 

20 

-11 


51.80 

11 


90 


32.22 

- 25 

60 

- 32. 

13 


-10 

56 

52. 

11 

11 

91 


32.78 

- 25 


- 31.67 

14 


-10 


53. 

11 

67 

91 

40 

33, 

- 24 


- 31.11 

15 


- 9 

44 

53.60 

12 


92 


33.33 

- 23 

80 

- 31. 

15 

80 

- 9 


54. 

12 

22 

93 


,33,89 

- 23 


- 30.56 

16 


- 8 

89 

55. 

12 

78 

93 

20 

34. 

- 22 


- 30. 

17 


- 8 

33 

55,40 

13 


94 

_ 

34.44 




198 


APPENDIX 


Equivalent Temperature Readings for Fahrenheit and Centigrade Scales 
(Continued) 


-- 


- - ' 


. -..r_ . 

- . ;... . - 


_. r- 

Fahrenheit 

CotitiKratio 

Fahroiihoit 

IcoiitiRradc 

Fahrenheit 

Centigrade 

Fahrenheit 


Det^ei. 

Dgku. I 

Oegfl. 

i Dcg«. 1 

Degs. 

Deg8. 1 

Degs. 

Dega. 

95. 

35. 

134. 

.56,67 

172.40 

' 78. 

211. 

99.44 

96. 

35.56 

134.60 

57. 

173. 

78.,33 

212. 

100, 

96.80 

36. 

135. 

,57.22 

174. 

78.89 

213. 

! 100.56 

97. 

36.11 

136. 

! 57,78 

174,20 

79. 

213.80 

101. 

98. 

36.67 

1,36.40 

1 58. 

175, 

79.44 

214. 

101.11 

98.60 

37. 

137. 

58.,33 

176. 

80. 

215. 

101.67 

99. 

37.22 

138, 

I 58.89 

177. 

80.56 

215.60 

102. 

100. 

37.78 

138.20 

1 59. 

177.80 

81. 

216. 

102.22 

100.40 

38. 

139. 

,59.44 

178. 

81.11 

217. 

102.78 

101. 

,38.,33 

140. 

' 60. 

179. 

81.67 

217.40 

103, 

102. 

38.89 

141. 

60.56 

179.60 

82. 

218. 

10,3.,33 

102.20 

39. 

141.80 

61. 

180. 

82.22 

219. 

103.89 

103. 

39.44 

142. 

61.11 

181. 

82.78 

219.20 

104. 

104. 

40. 

143. 

61.67 

181.40 

83. 

220. 

104.44 

105. 

40.56 

14,3.60 

62. 

182. 

8,3.33 

221. 

105, 

105.80 

41. 

144. 

62.22 

183. 

83.89 

222. 

105.56 

106. 

41.11 

145. 

62.78 

183.20 

84. 

222.80 

106. 

107. 

41.67 

145.40 

63. 

184. 

84.44 

223. 

106.11 

107.60 

42. 

146. 

63.3.3 

185. 

85. 

224. 

106.67 

108. 

42.22 

147. 

1 63.89 

186. 

85.56 

224.60 

107. 

109. 

42.78 

147.20 

64. 

186.80 

86. 

225. 

107.22 

109.40 

43. 

148. 

64.44 

187. 

86.11 

226. 

107.78 

no . 

43.,33 

149. 

65. 

188. 

86.67 

226.40 

108. 

111. 

43.89 

150. 

65.56 

188.60 

87. 

227. 

108.3,3 

111.20 

44. 

! 1.50.80 

66. 

189. 

87.22 

228. 

108.89 

112. 

44.44 

151. 

! 66.11 

190, 

87.78 

228.20 

109. 

113. 

45. 

152. 

1 66.67 

190.40 

88. 

229. 

109.44 

114. 

45.56 

152.60 

67. 

191. 

88.33 

230. 

no . 

114.80 

46. 

153. 

67.22 

192. 

88.89 

231. 

110.56 

115. 

46.11 

154. 

67.78 

192.20 

89. 

231.80 

111. 

116. 

46.67 

1.54.40 

68. 

193. 

89.44 

232. 

111.11 

116.60 

47. 

155. 

68.33 

194. 

90. 

233. 

111.67 

117. 

47.22 

156. 

68,89 

195. 

90..56 

233.60 

112. 

118. 

47.78 

1,56.20 

69. 

195.80 

91. 

234. 

112.22 

118.40 

48. 

157. 

69.44 

196. 

91.11 

235. 

112.78 

119. 

48..33 

158. 

70. 

197. 

91.67 

2,35.40 

113. 

120. 

48.89 

159. 

70.56 

197.60 

92. 

236. 

11,3,,33 

120.20 

49. 

1.59.80 

71. 

198. 

! 92.22 

237. 

113.89 

121. 

49.44 

160. 

71.11 

199. 

92.78 

237.20 

114. 

122. 

50. 

161. 

71.67 

199.40 

93. 

238. 

114.44 

123. 

50.56 

161.60 

72. 

200. 

93..33 

239. 

115. 

123.80 

51. 

162. 

72.22 

201. 

93.89 

240. 

115,.56 

124. 

51.11 

163. 

72.78 

201.20 

94. 

240.80 

116. 

125. 

51.67 

163.40 

73. 

202. 

94.44 

241. 

116.11 

125.60 

52. 

164 

7,3..33 

203. 

95. 

242. 

116.67 

126. 

.52.22 

165. 

73.89 

204. 

95.56 

242.60 

117. 

127. 

52.78 

165.20 

74. 

204.80 

96. 

243. 

117.22 

127.40 

53. 

166. 

74.44 

205. 

96.11 

244. 

117.78 

128. 

53.33 

167. 

75. 

206. 

96.67 

244.40 

' 118. 

129. 

,5.3.89 

168. 

75.56 

206.60 

97. 

245. 

118.33 

129.20 

54. 

168.80 

76. 

207. 

97.22 

246. 

118.89 

130. 

54.44 

169. 

76.11 

208. 

97.78 

246.20 

119. 

131. 

55. 

170. 

76.67 

208.40 

98. 

247. 

119.44 

132. 

55.56 

170.60 

77. 

209. 

98.,33 

248. 

120. 

132.80 

56. 

171. 

77.22 

210. 

98.89 

! 249. 

120.56 

133. 

.56.11 

172. 

77.78 

210.20 

99. 

249.80 

121. 
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Equivalent Temperature Readings for Fahrenheit and Centigrade Scales 
(Continued) 


Fahrenheit 

('cntiKTiulc 

Fahroi 

hoit 

< Viitinrailc 

I’alirci 

hoit 

('ontierado 

Fahrenlioit 

(Vtitigmiic 

Ocgs. 

Ihga. 

DcRfl. 

hogs. 

Degs. 

l>rj( 


Dogs. 

DogH. 

2S0 


121 

11 

289 


142 

78 

327 

20 

164 


366 

80 

186 


251 


121 

67 

289 

40 

143 


328 


164 

44 

367 


186 

11 

251 

60 

122 


290 


143 

33 

329 


165 


368 


186 

67 

252 


122 

22 

291 


143 

89 

330 


165 

56 

368 

60 

187 


253 


122 

78 

291 

20 

144 


330 

80 

166 


369 


187 

22 

253 

40 

123 


292 


144 

44 

331 


166 

11 

370 


187 

78 

254 


123 

33 

293 


145 


332 


166 

67 

370 

40 

188 


255 


123 

89 

294 


145 

56 

332 

60 

167 


371 


188 

33 

255 

20 

124 


294 

80 

146 


333 


167 

22 

372 


188 

89 

258 


124 

44 

295 


146 

11 

334 


167 

78 

372 

20 

189 


257 


125 


296 


146 

67 

334 

40 

168 


373 


189 

44 

258 


125 

56 

296 

60 

147 


335 


168 

33 

374 


190 


258 

80 

126 


297 


147 

22 

336 


168 

89 

375 


190 

56 

259 


126 

11 

298 


147 

78 

336 

20 

169 


375 

80 

191 


260 


126 

67 

298 

40 

148 


337 


169 

44 

376 


191 

11 

260 

60 

127 


299 


148 

33 

338 


170 


377 


191 

67 

261 


127 

22 

300 


148 

89 

339 


170 

56 

377 

60 

192 


262 


127 

78 

300 

20 

149 


339 

SO 

171 


378 


192 

22 

262 

40 

128 


301 


149 

44 

340 


171 

11 

379 


192 

78 

263 


128 

33 

302 


150 


341 


171 

67 

379 

40 

193 


264 


128 

89 

303 


150 

56 

341 

60 

172 


380 


193 

33 

264 

20 

129 


303 

80 

151 


342 


172 

22 

381 


193 

89 

265 


129 

44 

304 


151 

11 

343 


172 

78 

381 

20 

194 


266 


130 


305 


151 

67 

343 

40 

173 


382 


194 

44 

267 


130 

56 

305 

60 

152 


344 


173 

33 

383 


195 


267 

80 

131 


306 


152 

22 

345 


173 

89 

384 


195 

56 

268 


131 

11 

307 


152 

78 

345 

20 

174 


384 

80 

196 


269 


131 

67 

307 

40 

153 


346 


174 

44 

385 


196 

11 

269 

60 

132 


308 


153 

33 

347 


175 


386 


196 

67 

270 


132 

22 

309 


153 

89 

348 


175 

56 

386 

60 

197 


271 


132 

78 

309 

20 

154 


348 

80 

176 


387 


197 

22 

271 

40 

133 


310 


154 

44 

349 


176 

11 

388 


197 

78 

272 


133 

33 

311 


155 


350 


176 

67 

388 

40 

198 


273 


133 

89 

312 


155 

56 

350 

60 

177 


389 


198 

33 

273 

20 

134 


312 

80 

156 


351 


177 

22 

390 


198 

89 

274 


134 

44 

313 


156 

11 

352 


177 

78 

390 

20 

199 


275 


135 


314 


156 

67 

352 

40 

178 


391 


199 

44 

276 


135 

56 

314 

60 

157 


353 


178 

33 

392 


200 


276 

80 

136 


315 


157 

22 

354 


178 

89 

393 


200 

56 

277 


136 

11 

316 


157 

78 

354 

20 

179 


393 

80 

201 


278 


136 

67 

316 

40 

158 


355 


179 

44 

394 


201 

11 

278 

60 

137 


317 


158 

33 

356 


130 


395 


201 

67 

279 


137 

22 

318 


158 

89 

357 


180 

56 

395 

60 

202 


280 


137 

78 

318 

20 

159 


357 

80 

181 


396 


202 

22 

280 

40 

138 


319 


159 

44 

358 


181 

11 

397 


202 

78 

281 


138 

33 

320 


160 


359 


181 

67 

397 

40 

203 


282 


138 

89 

321 


160 

56 

359 

60 

182 


398 


203 

33 

282 

20 

139 


321 

80 

161 


360 


182 

22 

399 


203 

89 

283 


139 

44 

322 


161 

11 

361 


182 

78 

399 

20 

204 


284 


140 


323 


161 

67 

361 

40 

183 


400 


204 

44 

285 


140 

56 

323 

60 

162 


362 


183 

33 

401 


205 


285 

80 

141 


324 


162 

22 

363 


183 

89 

402 


205 

56 

286 


141 

11 

325 


162 

78 

363 

20 

184 


402 

80 

206 


287 


141 

67 

325 

40 

163 


364 


184 

44 

403 


206 

11 

287 

60 

142 


326 


163 

33 

365 


185 


404 


206 

67 

288 


142 

22 

327 


163 

89 

366 


185 

56 

404 

60 

207 
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Equivalent Temperature Readings for Fahrenheit and Centigrade Scales 
(Continued) 


Fahrenheit 

Degfl. 


ICeiitigraile 

Dogs. 


[Fahrenheit 

Dogs. 


Centigrade 

Degs. 


iFahronhcit 

Degs. 


Centigrade 

Dogs. 


iFahrenlicit 

Degs. 


Centigrade 

Degs. 


405. 

406. 

406.40 

407. 

408. 

408.20 

409. 

410. 

411. 

411.80 

412. 

413. 

413.60 

414. 

415. 

415.40 

416. 

417. 

417.20 

418. 

419. 

420. 

420.80 

421. 

422. 
422.00 

423. 

424. 

424.40 

425. 

426. 

426.20 

427. 

428. 

429. 

429.80 

430. 

431. 

431.60 

432. 

433. 

433.40 

434. 

435. 

435.20 

436. 

437. 

438. 

438.80 

439. 

440. 

440.60 

441. 

442. 

442.40 

443. 


207.22 

207.78 
208. 
'208..33 

208.89 

209, 

209.44 

210 . 

210.56 
211 . 

211.11 

211.67 
212 . 

212.22 

212.78 

213. 

213.33 

213.89 

214. 

214.44 

215. 

215.56 

216. 

216.11 

216.67 

217. 

217.22 

217.78 

218. 

218.33 

218.89 

219. 

219.44 

220 . 

220.56 
221 . 

221.11 

221.67 
222 . 

222.22 

222.78 

223. 

223.33 

223.89 

224. 

224.44 

225. 

225.56 

226. 

226.11 

226.67 

227. 

227.22 

227.78 

228. 

I 228..33 


444. 

444.20 

445. 

446. 

447. 

447.80 

448. 

449. 

449.60 

450. 

451. 

451.40 

452. 

453. 

453.20 

454. 

455. 

456. 

456.80 

457. 

458. 

458.60 

459. 

460. 

460.40 

461. 

462. 

462.20 

463. 

464. 

465. 

465.80 

466. 

467. 

467.60 

468. 

469. 

469.40 

470. 

471. 

471.20 

472. 

473. 

474. 
-174.80 

475. 

476. 

476.60 

477. 

478. 

478.40 

479. 

480. 

480.20 

481. 

482. 


228.89 

229. 

229.44 

230. 

230.56 

231. 

231.11 

231.67 

232. 

232.22 

232.78 

233. 

233.33 

233.89 

234. 

234.44 

235. 

235.56 

236. 

236.11 

2.16.67 

237. 

237.22 

237.78 

238. 

238.33 

238.89 

239. 

239.44 
240 

240.56 

241. 

241.11 

241.67 

242. 

242.22 

242.78 

243. 

243.33 

243.89 

244. 

244.44 

245. 

245.,56 

246. 

246.11 

246.67 

247. 

247.22 

247.78 

248. 

248.33 

248.89 

249. 

249.44 

250. 


483. 

483.80 

484. 

485. 

485.60 

486. 

487. 

487.40 

488. 

489. 

489.20 

490. 

491. 

492. 

492.80 

493. 

494. 

494.60 

495. 

496. 

496.40 

497. 

498. 

498.20 

499. 

500. 

501. 
.501.80 

502. 

503. 

503.60 

504. 

505. 

505.40 

506. 

507. 

507.20 

508. 

509. 

510. 

510.80 

511. 

512. 

512.60 

513. 

514. 

514.40 

515. 

516. 

516.20 

517. 

518. 

519. 

519.80 

520. 

521. 


2.50.56 

251. 

251.11 

251.67 

252. 
252'.22 

252.78 

253. 

253.33 

253.89 

254. 

2.54.44 

255. 

255.. 56 

256. 

2.56.11 

256.67 

257. 

257.22 

257.78 

258. 

258.33 

2.58.89 

259. 

2.59.44 

260. 

200.56 
261. 

261.11 

261.67 
262. 

262.22 

262.78 

263. 

263.33 

263.89 

264. 

264.44 

265. 

265.56 

266. 

266.11 

266.67 

267. 

267.22 

267.78 

268. 

268.. 33 

268.89 

269. 

269.44 

270. 

270.56 

271. 

271.11 

271.67 


521.60 

522. 

523. 

523.40 

524. 

525. 

525.20 

526. 

527. 

528. 

528.80 

529. 

530. 

5.30.60 

531. 

532. 

532.40 

533. 

534. 

534.20 

535. 

536. 

537. 

537.80 

538. 

539. 

539.60 ! 

540. 

541. 
,541.40 

542. 

543. 
.543.20 

544. 

545. 

546. 

546.80 

547. 

548. 

548.60 

549. 

550. 

5.50.40 

551. 

552. 
,552.2'0 

553. 

554. 

555. 

555.80 

556. 

557. 

557.60 

558. 

559. 

559.40 


272. 

272.22 

272.78 

273. 

273.33 

273.89 

274. 

274.44 

275. 

275.56 

276. 

276.11 

276.67 

277. 

277.22 

277.78 

278. 

278.. 33 

278.89 

279. 

279.44 

280. 

280.56 
281. 

281.11 

281.67 
282. 

282.22 

282.78 

283. 

283.. 3.3 

283.89 

284. 

284.44 

285. 

285.56 

286. 

286.11 

286.67 

287. 

287.22 

287.78 

288. 

288.33 

288.89 

289. 

289.44 

290. 

290.56 

291. 

291.11 

291.67 

292. 

292.22 

292.78 

293. 
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Equivalent Temperature Readings for Fahrenheit and Centigrade Scales 

(Continued) 


Fahrenheit 

""'7 ■ "j 

.'entigradc 

b'uhrenUcit 

’cntij: 

.Tiie 1 

l’';ilircti 

iClt 

Centigrade 

Falireiilicit 

CentiRrnde 

Dcgp 


Uee 


Dck 


Dors. 

Dens. 

Dftgfl. 

])eg«. 

Deg«. 

560. 


293. 

33 

599. 


315 


638. 


336 

67 

67<).40 

358. 


561. 


293. 

89 

600. 


315 

56 

63S. 

60 

337. 


677. 

358. 

33 

561. 

20 

294 


600. 

SO 

316 


639. 


337 

22 

678 

358. 

S9 

562. 


294. 

44 

601. 


316 

11 

640. 


337 

78 

678.20 

359 . 


563. 


295 


602. 


316 

67 

640. 

40 

338 


679. 

359. 

44 

564. 


295 

56 

602 

60 

317 


641. 


33H 

33 

680. 

360. 


564. 

80 

296 


603 


317 

22 

642 


338 

H9 

681. 

360. 

56 

565. 


296 

11 

604. 


317 

7S 

642 

20 

339 


()Hl .80 

361. 


566. 


296 

67 

604 

40 

318 


643 


339 

44 

682. 

361 

11 

566. 

60 

297 


605 


318 

33 

644 


340 


683. 

,361 

67 

567. 


297 

22 

606 


318 

89 

645 


340 

56 

683.60 

352 


568. 


297 

78 

606 

20 

319 


645 

80 

341 


684. 

362 

12 

568. 

40 

298 


607 


319 

44 

646 


341 

11 

685. 

362 

78 

569. 


298 

33 

608 


320 


647 


311 

67 

685.40 

363 


570. 


298 

89 

609 


320 

56 

617 

()0 

342 


686. 

363 

55 

570. 

20 

299 


609 

80 

321 


648 


342 

22 

687. 

363 

89 

571. 


299 

44 

610 


321 

11 

649 


312 

78 

687.20 

364 


572. 


300 


611 


321 

(>7 

()49 

40 

343 


688. 

364 

44 

573. 


300 

56 

611 

60 

322 


650 


343 

33 

689. 

365 


573. 

SO 

301 


612 


322 

33 

651 


313 

89 

690. 

365 

56 

574. 


301 

11 

613 


322 

70 

651 

20 

344 


690.SO 

366 


575. 


301 

07 

613 

40 

323 


652 


344 

44 

691. 

36() 

11 

575 

60 

302 


614 


323 

33 

653 


345 


692. 

36() 

67 

576. 


3!)2 

22 

615 


323 

89 

654 


345 

56 

692.60 

367 


577 


302 

78 

615 

20 

324 


654 

80 

346 


693 

367 

22 

577 

40 

303 


616 


324 

44 

655 


316 

11 

694 

367 

78 

578 


303 

33 

617 


325 


656 


346 

67 

694.40 

368 


579 


303 

89 

618 


325 

56 

656 

60 

347 


695. 

368 

55 

579 

20 

304 


618 

SO 

326 


657 


347 

22 

696. 

368 

89 

580 


3(4 

44 

619 


326 

11 

658 


347 

78 

696.20 

369 


581 


305 


620 


326 

67 

65.S 

40 

348 


697. 

,369 

44 

582 


305 

56 

620 

60 

327 


659 


348 

33 

698. 

370 


582 

80 

306 


621 


327 

22 

660 


348 

89 

699. 

370 

5(> 

583 


306 

11 

622 


327 

78 

6()0 

2(( 

349 


699.go 

371 


584 


306 

67 

622 

40 

328 


661 


349 

44 

700. 

371 

11 

584 

60 

307 


623 


328 

33 

662 


350 


701. 

371 

67 

585 


,307 

22 

624 


328 

89 

663 


350 

56 

701.60 

372 


586 


.307 

78 

624 

20 

329 


663 

HO 

,351 


702. 

,372 

22 

586 

40 

308 


625 


329 

44 

1 664 


351 

11 

703. 

372 

7.8 

587 


308 

33 

626 


330 


665 


351 

67 

703.40 

373 


588 


308 

89 

627 


330 

56 

665 

60 

352 


1 704. 

373 

55 

588 

20 

309 


627 

80 

331 


666 


3:2 

22 

70S. 

373 

89 

589 


309 

44 

628 


331 

11 

667 


352 

78 

705.20 

374 


590 


310 


629 


331 

67 

667 

40 

353 


j 706. 

374 

44 

591 


310 

56 

629 

60 

332 


668 


353 

33 

707. 

375 


591 

80 

311 


630 


332 

J2 

669 


353 

89 

708. 

375 

56 

592 


311 

11 

i 631 


332 

78 

6()9 

20 

354 


i 708.80 

376 


593 


311 

67 

631 

40 

333 


670 


354 

44 

709. 

370 

11 

593 

60 

312 


632 


333 

33 

671 


355 


710. 

376 

67 

594 


312 

22 

633 


33.^ 

89 

672 


3,55 

56 

710.60 

377 


59^ 


312 

78 

1 6 3 

2'' 

-.>4 


672 

HO 

356 


711 

377 

22 

595 

40 

313 


634 


334 

44 

673 


356 

11 

712. 

377 

78 

596 


313 

33 

63: 


335 


674 


356 

67 

712.40 

378 


597 


313 

89 

636 


335 

56 

674 

60 

357 


713. 

378 

33 

597 

20 

314 


636 

80 

336 


675 


357 

-22 

714. 

1 378 

89 

598 


314 

44 

637 


336 

11 

676 


1 357 

78 

714.20 

1 379 
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Equivalent Temperature Readings for Fahrenheit and Centigrade Scales 
(Continued) 


Fahrenheit 

Centigrade 

{Fahrenheit 

|(^iiitiKrade 

Falircti licit 

jCetitigradc 

Fahrenheit 

1 Centigrade 

DegK. 

Degs. 

j Degs. 

1 I)e 

h. 

Dogs, 

1 Oegfl. 

Degs. 

! Degs. 

715. 

379 

44 

754 


1 401 

11 

793 


422.78 

8,31 

20 

; 444. 

716. 

38C 


755 


401 

67 

79,3 

40 

423. 

832 


444.44 

717. 

380 

56 

755 

60 

1 402 


794 


423..33 

833 


445. 

717.80 

381 


756 


402 

22 

795 


42,3.89 

834 


445.56 

718. 

.381 

11 

757 


402 

78 

79.5 

20 

424. 

834 

80 

446. 

719. 

381 

67 

757 

40 

403 


796 


42*1.44 

835 


446.11 

719.60 

382 


758 


40,3 

33 

797 


425. 

836 


446.67 

720. 

382 

22 

759 


40.3 

89 

798 


425.56 

836 

60 

447. 

721. 

382 

78 

7,59 

78 

404 


! 798 

80 

426. 

837 


447.22 

721.40 

383 


760 


404 

44 

! 799 


426.11 

838 


447.78 

722. 

383 

33 

761 


405 


1 800 


426.67 

8.38 

40 

448. 

723. 

383 

89 

762 


40,5 

56 

800 

60 

427. 

839 


448.,33 

723.20 

384 


762 

80 

406 


801 


427.22 

840 


448.89 

724. 

384 

44 

763 


406 

11 

802 


427,78 

840 

20 

449. 

725. 

385 


764 


406 

67 

802 

40 

428. 

841 


449.44 

726. 

385 

56 

764 

60 

407 


803 


428.33 

842 


450. 

726.80 

386 


765 


407 

22 

804 


428.89 

843 


4,50.56 

727. 

386 

11 

766 


407 

78 

804 

20 

429. 

843 

80 

451. 

728. 

.386 

67 

1 766 

40 

408 


805 


429.44 

844 


451.11 

728.60 

387 


767 


408 

3,3 

i 806 


430. 

845 


451.67 

729. 

.387 

22 

768 


40<S 

89 

807 


430.,5() 

845 

60 

452. 

730. 

387 

78 

768 

20 

409 


807 

HO 

431. 

846 


452.22 

730.40 

388 


769 


409 

44 

808 


431.11 

847 


452.78 

731. 

388 

33 

770 


410 


809 


4,31,67 

847 

40 

453. 

732. 

.388 

89 

771 


410 

56 

809 

60 

432 

848 


4.53.,3.3 

732.20 

389 


771 

80 

411 


810 


4,32.22 

849 


4,5.3.89 

733. 

.389 

44 

772 


411 

11 

811 


4,32.78 

849 

20 

454. 

734. 

390 


773 


411 

67 

811 

40 

433. 

850 


4,54.44 

735. 

390 

56 

77.1 

60 

412 


812 


43,3. ,33 

851 


455. 

735.80 

391 


774 


412 

22 

813. 


4,33.89 

852 


45,5.56 

736. 

.391 

11 

775 


412 

78 

81.3 

20 

434. 

852 

80 

456. 

737. 

,391 

67 

775 

40 

413 


814 


434.44 

853 


456.11 

737,60 

392 


776 


413 

33 

815. 


4.35. 

854 


4,56.67 

738. 

392 

22 

777 


413 

.S9 

816. 


455.56 

8,54 

60 

457. 

739. 

392 

78 

777 

20 

414 


816. 

80 

436. 

855 


4,57.22 

739.40 

393 


778 


414 

44 

817. 


4,36.11 

856 


457.78 

740. 

393 

,33 

779. 


415 


818 


4,36.67 

8,56. 

40 

458 

741. 

.393 

89 

780. 


415 

56 

X18. 

60 

437. 

857. 


4,58.33 

741.20 

394 


780. 

80 

416 


819. 


437,22 

858. 


458.89 

742. 

.394 

44 

781. 


416 

11 

820 


437.78 

8,58 

20 

459. 

743. 

395 


782. 


416 

67 

820. 

40 

438 

859. 


4.59.44 

744. 

395 

56 

782. 

60 

417 


821 


4,38.,3,3 

860. 


460. 

744.80 

396 


783. 


417 

22 

822. 


438.89 

861. 


460..56 

745. 

396 

11 

784. 


417 

78 1 

822. 

20 

439. 

861, 

80 

461. 

746. 

.396 

67 

784. 

40 

418 


823. 


439.44 

862. 


461.11 

746.60 ! 

397 


785. 


418. 

,3,3 1 

824. 


440. 

863. 


461,67 

747. I 

397. 

22 

786. 


418. 

89 

825. 


440.56 

86,3. 

60 

462. 

748. 1 

397. 

78 

786. 

20 

419. 


825. 

80 

441. 

864. 


462.22 

748.40 I 

398. 


787. 


419. 

44 

826. 


441.11 

865. 


462.78 

749. i 

.398. 

.3.3 

788. 


420. 


827. 


441.67 

865. 

40 

463. 

750. 1 

.398. 

89 

789. 


420. 

,56 

827. 

60 

442. 

866. 


463.33 

750.20 

399. 


789. 

30 

421. 


828. 


442.22 

867. 


463.89 

751. 

,399. 

44 

790. 


421. 

11 

829. 


442.78 

867. 

20 ! 

464. 

752. 

400. 


791. 


421. 

67 

829. 

40 

443. 

868. 

j 

464.44 

753. 

400. 

56 

791. 

60 

422. 


830. 


443.33 

869. 

j 

465. 

7.53.80 

401. 


792. 


422. 

22 

831. 


44,3.89 

870. 

_ 

465.56 
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Equivalent Temperature Readings for Fahrenheit and Centigrade Scales 
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Fahrenheit 

DCRfl- 

Centigrade 

DegB. 

Fahrenheit 

Dogs. 

Centigrade 

Doga. 

Fahrenheit 

Degs. 

Centigrade 

Dega. 

Fahrenheit 
! Degs. 

.... . 

i(%‘riltgrade 

1 1>CKB. 

870.80 

466. 

909. 

487.22 

948. 

.508.89 

987. 

1 5,30..56 

871. 

466.11 

910. 

487.78 

948,20 

1 509 

987.80 531. 

872. 

466.67 

910.40 

488. 

949. 

509,44 

988. 

1 ,531.11 

872.60 

467. 

911. 

488.3,3 

950. 

I 510. 

989. 

,5,31.67 

873. 

467.22 

912. 

488.89 

951. 

! 510.56 

989.60 

i 532. 

874. 

467.78 

912.20 

489. 

951.80 

j 511. 

990. 

i .5,32,22 

874.40 

468. 

913. 

489.44 

952. 

' 511.11 

991. 

,5,32.78 

875. 

468..33 

914. 

490 

953. 

' 511.67 

991 60 

1 533. 

876. 

468.89 

915. 

490.56 

953.60 

512. 

1 992. 

1 ,533.3,3 

876.20 

469. 

915.80 

491. 

954 

: 512.22 

' 993. 

1 ,533.89 

877. 

469.44 

916. 

491,11 

955, 

1 512.78 

i 993.40 

534. 

878. 

470. 

917. 

491.67 

955.40 

i 513. 

994. 

534.44 

879. 

470.56 

917.60 

492. 

956. 

51.3.,3,3 

995. 

535. 

879.80 

471. 

918. 

492.22 

957 

! 513.89 

1 995.20 

,5,3.5.56 

880. 

471.11 

919. 

492.78 

957.20 

1 514. 

996. 

536. 

881. 

471.67 

919.40 

493. 

958 

! 514.44 

997. 

536.11 

881.60 

472. 

920. 

49,3.3.3 

959. 

1 515. 

998. 

5,56.67 

882. 

472.22 

921. 

49.3.89 

960. 

515.56 

998.80 

537. 

883. 

472.78 

921.20 

494. 1 

960.80 

516. 

999. 

5,37.22 

88,3.40 

473. 

922. 

494.44 : 

961. 

516,11 

1000. 

5.37.78 

884. 

473.33 

923. 

495, i 

962. 

516.67 

1004. 

540. 

885. 

473.89 

924. 

495.56 1 

962.60 

517. 

1010. 

.54,3,33 

885.20 

474 

924.80 

496. 

1 963. 

517.22 

1020, 

548.89 

886. 

474.44 

925. 

496.11 

964. 

517.78 

1022, 

550. 

887. 

475. 

926. 

496.67 

964.40 

518. 

1030. 

,5.54.44 

888. 

475.56 

926.60 

497. 

965. 

518.33 

1040. 

560, 

8SX.80 

476. 

927. 

497.22 

966. 

518.89 

1050. 

565.56 

889. 

476.11 

928. 

497.78 

966.20 

519. 

1058. 

570. 

890. 

476.67 

928.40 

498. 

967. 

519.44 

1060. 

571.11 

890.60 

477. 

929. 

498.3,1 

968 

520. 

1070. 

576.67 

891. 

477.22 

930. 

498.89 

969. 

520.56 

1076. 

580. 

892. 

477.78 

9.30.20 

499. 

969.80 

521, 

1080. 

582.22 

892.40 

478. 

931. 

499.44 

970. 

521.11 

1090. 

587.78 

893. 

478.33 

932. 

500. 

971. 

.521.67 

1094. 

590. 

894. 

478.89 

933. 

.500.,56 

971.60 

522. 

1100. 

.593..3,3 

894.20 

479. 

9,33.80 

501. 

972. 

.522.22 

1110. 

.598.89 

895. 

479.44 

934. 

501.11 1 

973. 

.522.78 

1112. 

600. 

896 

480. 

935. 

,501,67 I 

97,3,40 

523. 

1120. 

604.44 

897. 

480.,56 

9,35.60 

502. 1 

974. 

,52,3.33 

1130. 

610. 

897.80 

481 

936. 

,502.22 

975. 

52,3,78 

1140. 

615..56 

898. 

481,11 

937. 

.502.78 

975.20 

524. 

1148. 

620. 

899. 

481.67 

9,37.40 

503, 

976. 

524.44 

1150. 

621,11 

899.60 

482. 

, 938. 

,50.3..3.3 1 

977. 

525. 

1160. 

626.67 

900. 

482.22 

939. 

.503.89 

978. 

525.56 

1166. ; 

630. 

901. 

482.78 

9,39.20 1 

504. 

978.80 

526. 1 

1170. ! 

632.22 

901.40 

483. 

940. 

504.44 

979. 

526.11 

1180. 

637.78 

902. 

483.33 

941. 

505. 

980. 

526.67 

1184. 

640. 

903. 

483.89 

942. 

.505.56 

980.60 

527. 

1190. 

643.33 

903.20 

484. 

942.80 

506. 

981. 

.527.22 

1200. 

648.89 

904. 

484.44 

943. 

506.11 

982. 

527,78 

1202. 

650. 

905. 

485. 

944. 

506.67 

982.40 

528. 

1210. 

654.44 

906. 

485.56 

944.60 

507. 

983. 

528.3.3 

1220. 

660. 

906.80 

486. 

945. 

507.22 

984. 

528.89 

1230. 

665.56 

907. 

486.11 

946. 

507.78 

984.20 

529. 

1238. 

670. 

908. 

486,67 

946.40 

508. 

985. 

529.44 1 

1240. 

671.11 

908.60 

487. 1 

947. 

508.33 

986. 

530. 1 

1250. 

676.67 
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APPENDIX 


Equivalent Temperature Readings for Fahrenheit and Centigrade Scales 
(Continued) 


Fahrenheit 

Degs. 

Centigrade 

Degn. 

Fahrenheit 

Degfl. 

Centigrade 

Degs. 

Fahrenheit 

DegB. 

Centigrade 

Degs. 

Fahrenheit 

DcgB. 

Centigrade 

Degs. 

1256. 

680. 

1640. 

893.33 

2030, 

1110. 

2420. 

1326.67 

1260. ■ 

682.22 

1650. 

898.89 

2040. 

1115.56 

2426. 

1330. 

1270. 

687.78 

1652. 

900. 

2048. 

1120. 

2430. 

1.332.22 

1274. 

690. 

1660. 

904.44 

2050. 

n 21.11 

2440. 

1337.78 

1280. 

693..33 

1670. 

910. 

2060. 

1126.67 

2444. 

1340, 

1290. 

.698.89 

1680. 

915.56 

2066. 

1130. 

2450. 

1343..33 

1292. 

700. 

1 1688. 

920. 

2070. 

1132.22 

2460. 

1.348.89 

1300. 

704.44 

1690. 

921.11 

2080. 

1137.78 

2462. 

1350. 

1310. 

710. 

' 1700. 

926.67 

2084. 

1140. 

2470. 

1.3.54.44 

1320. 

71.5.,56 

1706. 

930 

2090. 

1143.,33 

2480. 

1360. 

1328. 

720. 

1710. 

9,32,22 

2100. 

1148.89 

2490. 

1,365.56 

1330. 

721.11 

1720. 

937.78 

2102. 

1150. 

2498. 

1370, 

1340. 

726.67 

1724. 

940. 

2110. 

11.54.44 

2500. 

1371.11 

1346. 

730. 

1730 

94.3.33 

2120. 

1160. 

2510, 

1376.67 

1350. 

732.22 

1740. 

948.89 

2130 

1165.56 

2516. 

1380. 

1360. 

737.78 

1742. 

950. 

2138. 

1170. 

2520. 

1382.22 

1364. 

740. 

1750. 

9,54.44 

2140. 

1171.11 

2530. 

1387.78 

1370. 

743.,33 

1760. 

960. 

2150. 

1176.67 

2534. 

1390. 

1380. 

748.89 

1770. 

965.56 

2156. 

1180. 

2540. 

1393.33 

1382. 

750. 

1778. 

970. 

2160. 

1182.22 

2550. 

1398.89 

1390. 

7.54.44 

1780. 

971.11 

2170. 

1187.78 

2552, 

1400. 

1400, 

760. 

1790. 

976.67 

2174. 

1190. 

2560. 

1404.44 

1410. 

765.56 

1796. 

980. 

2180. 

1193.,33 

2570. 

1410. 

1418. 

770. 

1800. 

982.22 

2190. 

1198.89 

2580. 

1415.56 

1420. 

771.11 

1810. 

987,78 

2192. 

1200. 

2588. 

1420. 

1430. 

776.67 

1814. 

990. 

2200. 

1204.44 

2590. 

1421.11 

1436. 

780. 

1820. 

993.33 

2210. 

1210. 

2600. 

1426.67 

1440. 

782.22 

1830. 

99'8.89 

2220. 

1215.56 

2606. 

1430. 

1450. 

787.78 

1832. 

1000. 

2228. 

1220. 

2610. 

1432.22 

1454. 

790. 

1840. 

1004.44 

2230. 

1221.11 

2620. 

1437.78 

1460. 

793..33 

1850. 

1010. 

2240. 

1226.67 

2624. 

1440. 

1470. 

798.89 

1860. 

1015.56 

2246. 

1230. 

2630. 

1443.33 

1472. 

800. 

1868. 

1020. 

2250. 

1232.22 

2640. 

1448.89 

1480. 

804.44 

1870. 

1021.11 

2260. 

1237.78 

2642. 

1450. 

1490, 

810. 

1880. 

1026.67 

2264. 

1240. 

2650. 

1454.44 

1500. 

815.,56 

1886. 

1030. 

2270. 

1243.,33 

2660. 

1460. 

1508. 

820. 

1890. 

1032.22 

2280. 

1248.89 

2670. 

1465.56 

1510. 

821.11 

1900. 

1037.78 

2282. 

1250. 

2678. 

1470. 

1520. 

820.67 

1904. 

1040. 

2290. 

12.54.44 

2680. 

1471.11 

1526. 

830, 

1910. 

1043.33 

2300. 

1260. 

2690. 

1476.67 

1530. 

832.22 

1920. 

1048.89 

2310. 

1265..56 

2696. 

1480. 

1540. 

837.78 

1922. 

1050. 

2318. 

1270. 

2700. 

1482.22 

1544. 

840. 

1930. 

1054.44 

2320. 

1271.11 

2710. 

1487.78 

1550. 

84.3.33 

1940. 

1060. 

2330. 

1276.67 

2714. 

1490. 

1560. 

848.89 

1950. 

1065.56 

2336. 

1280. 

2720. 

1493.33 

1562. 

850. 

1958. 

1070, 

2340. 

1282.22 

2730. 

1498,89 

1570. 

854.44 

1960. 

1071.11 

2350. 

1287.78 

2732. 

1500. 

1580. 

860. 

1970. 

1076.67 

2354. 

1290. 

2740. 

1504.44 

1590. 

865..56 

1976. 

1080. 

2360. 

1293..33 

2750. 

1510. 

1598. 

870, 

1980. 

1082.22 

2370. 

1298.89 

2760. 

1515.56 

1600. 

871.11 

1990. 

1087.78 

2372. 

1300. 

2768. 

1520. 

1610, 

876.67 

1994. 

1090. 

2380. 

1304.44 

2770, 

1521.11 

1616. 

880. 

2000. 

1093.33 

2390. 

1310. 

2780. 

1526.67 

1620. 

882.22 

2010. 

1098.89 

2400. 

1315,56 

2786. 

1530. 

1630. 

887.78 

2012. 

1100. 

2408. 

1320. 

2790. 

1532.22 

1634. 

890. j 

2020. 

1104.44 

2410. 

1321.11 

2800. 

1537.78 
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Equivalent Temperature Readings for Fahrenheit and Centigrade Scales 

(Continued) 


FahrcDfaeit 

DegB. 

Ilcntigrade 

Degs. 

Falireiilicit 

Degs 

Centigrade 

Degs. 

Pahrenbeit 

Dcge. 

IJcntiiiradc 

Degs. 

[■'abreiiheit 

Degs. 

2erti«rail 

Degs. 

2804. 

1540 

3010. 

16.54.44 

3220. 

1771.14 

3430. 

1887,7 

2810. 

1.S4.3 .i' 

3020. 

1660 

3230. 

1776.67 

3434 

1890 

2820. 

l.WS.HO' 

3030. 

1665.56 

3236. 

1780 

3440 

189,5.,5 

;822. 

1550 

3038 

1670 

3240. 

1782 22 

3450 

1898.8 

2830. 

l.S.i4.44 

3040 

1671.11 

3250. 

1787,78 

3452 

1900. 

2840. 

1560. 

3050 

1676.67 

3254 

1790. 

3460 

1904.4 

2850. 

1.56.5 .56 

3056. 

1680 

3260. 

1 79.5. ,5.5 

3470 

1910. 

2858. 

1570. 

3060, 

1682.22 

3270 

1798 89 

3480. 

1915.,5 

2860. 

1571.11 

3070 

1687.78 

3272. 

1800 

3488. 

1920. 

2870. 

1576.67 

3074. 

1690 

.3280. 

1804 41 

3490. 

1921.1 

2876. 

1580. 

3080. 

1693.33 

3290. 

1810 

3500. 

1926.6 

2880. 

1.582.22 

3090 

1668,89 

3300. 

181.v5(. 

3506. 

1930 

2890. 

1.587.78 

3092. 

1700 

3308. 

1820 

3510 

19,^2.. 

2894. 

1590 

3100 

1704.44 

3310 

1821 11 

3520. 

19.57.7 

2900. 

1,593.33 

3110. 

1710. 

3320. 

1826,67 

3524. 

1940. 

2910. 

1598.8‘) 

3120 

171,5.56 

3326, 

1830 

3530. 

194:S.3 

2912 

1600 

3128. 

1720. 

3330, 

18,52 22 

3540 

1948,8 

2920. 

1604.44 

3130 

1721.11 

3340. 

18,57,78 

3542. 

1950 

2930. 

1610 

3140 

1726,67 

3344 

1840 

3550 

19,54.4 

2940. 

1615,.56 

3146 

1730 

3350 

181.5,5,5 

3560 

1960. 

2948. 

1620 

3150. 

1732.22 

3360. 

1848,89 

3570. 

1965, 

2950. 

1621.11 

3160. 

1737.78 

3362 

1850 

3578. 

1970 

2960. 

1626.67 

3164 

1740. 

3370. 

18,51.44 

3580 

1971,1 

2966. 

1630. 

3170. 

I 1743.,53 

3380. 

1860. 

3590, 

1979.1 

2970. 

1632.22 

3180. 

: 1748.86 

3390 

186.S. 56 

3596 

1980 

2980. 

1637.78 

3182. 

1750. 

3398. 

1870. 

3600. 

1982.7 

2984. 

1640. 

3190 

17,54.44 

3400. 

1871.11 

3610. 

1987." 

2990. 

1643.33 

3200, 

1760 

3410 

1876.67 

3614. 

1990. 

3000. 

1648,89 

3210 

1765.56 

3416. 

1880. 

3620. 

199,5 , 

3002. 

t 1650 

3218. 

' 1770. 

3420 

1882.22 

3630. 

1998.S 
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APPENDIX 


SPECIFIC GRAVITY EQUIVALENTS FOR DEGREES BAUMi FOR 
LIQUIDS HEAVIER THAN WATER 


Table adopted by the U. S. Bureau of Standards from the formula: 

Degrees Baum^ = 145 —-- -gQo- 

"Specific Qj-avity 


a 

9 

■« ► 

4> <• 

ca 

mO 

0 

1.0000 

1 

1.0069 

2 

1.0140 

3 

1.0211 

4 

1.0284 

5 

1.0357 

6 

1.0432 

7 

1.0507 

8 

1.0584 

9 

1.0662 

10 

1.0741 

11 

1.0821 

12 

1.0902 

13 

1.0985 

14 

1.1069 

15 

1.1154 

16 

1.1240 

17 

1.1328 

18 

1.1417 

19 

1.1508 

20 

1.1600 

21 

1.1694 

22 

1.1789 

23 

1.1885 

24 

1.1983 

25 

1.2083 


Lbs. per 
Gallon i 

Baome 

Speci£c 

Gravity 

Lbs. per I 
Gallon 1 

a 

9 

4 

ca 

Specific 

Gravity 

Lba. per 1 
Gallon 1 

8.33 

26 

1.2185 

10.16 

52 

1.5591 

12.99 

8.. 38 

27 

1.2288 

10.24 

I 53 

1.5761 

13.13 

8.46 

28 

1.2393 

10,32 

1 s-t 

1..5934 

13.27 

8.51 

29 

1.2500 

10.41 

55 

1.6111 

13.42 

8.. 56 

30 

1.2609 

10.51 

j.56 

1,6292 

13.57 

8.63 

31 

1.2719 

10.59 

57 

1.6477 

13.72 

8.69 

32 

1.2832 

10,69 

58 

1.6667 

13.87 

8.75 

33 

1.2946 

10.78 

59 

1.6860 

14.04 

8.81 

34 

1.3063 

10.84 

60 

1.7059 

14.21 

8.88 

35 

1.3182 

10.98 

61 

1,7262 

14.38 

8.94 

36 

l.,3303 

11.09 

62 

1.7470 

14.55 

9.01 

37 

1.3426 

11.18 

63 

1.7683 

14.72 

9.09 

38 

1.3551 

11.29 

64 

1.7901 

14.91 

9.15 

39 

1.3679 

11.39 , 

6,5 

1.8125 

15.10 

9.21 

40 

1..3810 

11.51 ; 

66 

1.8354 

15,29 

9.29 

41 

1.3942 

11.61 i 

67 

1.8590 

15.48 

9.36 

42 

1.4078 

11.72 

68 

1.8831 

15.68 

9.43 

43 

1.4216 

11.84 

69 

1.9079 

15.89 

9.51 

44 

1.43,56 

11.96 

70 

1.9333 

16.10 

9.59 

45 

1.4500 

12.08 

71 

1.9595 

16.32 

9.67 

46 

1,4646 

12,21 

72 

1.9864 

16.55 

9.74 

47 

1.4796 

12.33 

73 

2.0139 

16.78 

9.81 

48 

1.4948 

12.46 

74 

2.0423 

17.01 

9.90 

49 

1.5104 

12.58 

75 

2.0714 

17.25 

9.99 

50 

1.5263 

12.72 i 




10.07 

51 

1.5426 

12.8.5 ; 


_ 



*A11 densities taken at temperature of 60^ F. and referred to distilled water 
at 60° F. as standard. 
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SPECIFIC GRAViry EQUIVALENTS FOR DEGREES BAUME' FOR 
LIQUIDS LIGHTER THAN WATER 


Table adopte<l by the XJ. S. Bureau of Standards from the formula: 


Degrees Baunie -. — 130 

'Specific Gravity c'qoP- 


'1 

a 


“■J 

r/' 

1 ® 
n 

if 


...... 

i 

|| 


n 

ccO 


! ^ 


So 




10 

1,0000 

8..33 

44 

0.8046 

6.70 

78 

0.6731 

5.60 

11 

0.9929 

8.27 

45 

0.8000 

6.66 

79 

0.6699 

5.58 

12 

0,9859 

8.21 

; 46 

0.79,55 

6.63 

80 

0.6667 

5.55 

13 

0.9790 

8.16 

! 47 

0.7910 

6,.59 

81 

0.6635 

5.52 

14 

0,9722 

8.10 

i 48 

0.7865 

6.5.5 

82 

0.6604 

5.50 

15 

0.9655 

8.04 

' 49 

0,7821 

6.52 

8,5 

0,6573 

5.48 

16 

0.9589 

7.99 

' 50 

0.7778 

6,48 

84 

0.6542 

5.45 

17 

0.9524 

7.93 

i SI 

0.77,55 

6.44 

85 

0.6512 

5.42 

18 

0.9459 

7.88 

1 52 

0.7692 

6.41 

86 

0.6481 

5.40 

19 

0.9396 

7.83 

53 

0.76.50 

6.37 

87 

0.6452 

5.38 

20 

0.9333 

7.78 

; 54 

0.7609 

6..54 

88 

0.6422 

5.,36 

21 

0,9272 

7.72 

i 55 

0.7,568 

6.30 

89 

0.6,393 

5.33 

22 

0.9211 

7.67 

1 56 

0.7527 

6.27 

<10 

0.6364 

5.30 

23 

0.9150 

7.62 

1 57 

0.7487 

6.24 

91 

0.63,35 

5.28 

24 

0.9091 

7,57 

; 58 

0.7447 

6.20 

92 

0.6306 

5.25 

25 

0.9032 

7.53 

59 

0.7407 

6,17 

93 

0,6278 

5.23 

26 

0.8974 

7.48 

60 

0.7.368 

6. la 

94 

0.62,50 

5.21 

27 

0.8917 

7.43 

61 

0.73,30 

6.11 

95 

0.6222 

5,18 

28 

0,8861 

7.38 

62 

0.7292 

6.07 

96 

0.6195 

5.16 

29 

0.8805 

7..34 

: 63 

0.72.54 

6,04 

97 

0.6167 

5.14 

30 

0.8750 

7.29 

64 

0.7216 

6.01 

98 

0.6140 

5.11 

31 

0.8696 

7.24 

65 

0.7179 

5.98 

99 

0.6114 

5.09 

32 

0.8642 

7.20 

66 

0.7143 

5.95 

100 

0.6087 

5.07 

33 

0.8589 

7.15 

67 

0.7107 

5.92 

101 

0.6061 

5.05 

34 

0.8537 

7.11 

68 

0.7071 

5,89 

102 

0.6034 

5.03 

35 

0.8485 

7.07 

' 69 

0.7035 

5.86 

103 

0.6009 

5.00 

36 

0.8434 

7.03 

1 70 

0.7000 

,5.8.3 

1 104 

0.,5983 

4.98 

37 

0.8383 

6.98 

1 71 

0.6965 

5.80 

i 105 

0.5957 

4.96 

38 

0.8333 

6.94 

! 72 

0.6931 

5.78 

106 

0.,5932 

4.94 

39 

0,8284 

6.90 

73 

0.6897 

5.75 

i 107 

0.5907 

4.92 

40 

0,8235 

6.86 

' 74 

0.6863 

5.72 

1 108 

0,,5882 

4.90 

41 

0.8187 

6.82 

: 75 

0.6829 

5.69 

; 109 

0.58,58 

4.88 

42 

0.8140 

6.78 

i 76 

0.6796 

5,66 

; 110 

0.,5833 

4.86 

43 

0.8092 

6.74 

' 77 

0.676,3 

5.63 





’All densities taken at temperature of 60" F. and referred to distilled water 
at 60° F. as standard. 
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SULPHURIC ACID 

(W. C. Ferguson and H. P. Talbot) 


Adopted by the Manufacturing Chemists’ Association of the U. S., 1904 



0 „ 60° F. 

Sp. 

% HiS0« ' 

°Bcaura(S 


% H 1 SO 4 

0 

1.0000 

0.00 

37 

1.3426 

4.3.99 

1 

1.0069 

1.02 

,38 . 

1.3,5,51 

45.,35 

2 

1.0140 

2.08 

39 

l.,3679 

46.72 

3 

1.0211 

3.13 

40 

1.3810 

48,10 

4 

1.0284 

4.21 

41 

1. ,3912 

49.47 

5 

1.0357 

5.28 

42 

1.4078 

50.87 

6 

1.0432 

6.37 

43 

1 ..1216 

52.26 

7 

1.0507 

7.45 

44 

1.4356 

,53.66 

8 

1.0.584 

8.55 

45 

1.4500 

55.07 

9 

1.0662 

9.66 

46 

1.4646 

.56.48 

10 

1.0741 

10.77 

47 

1.4796 

57.90 

11 

1.0821 

11.89 

48 

1.4948 

,59.32 

12 

1.0902 

13.01 

49 

1.5104 

60.75 

13 

1.0985 

14.13 

50 

1..5263 

62.18 

14 

1.1069 

15.25 

51 

1..5422 

63.36 

15 

1.11,54 

16..38 

52 

1.5.591 

65.61 

16 

1.1240 

17.,53 

53 

1.5761 

66 6 .^ 

17 

1.1328 

18.71 

54 

1 ..59,34 

68 . 1,3 

IS 

1.1417 

19.89 

55 

1.6111 

69.65 

19 

1.1,508 

21.07 

56 

1.6292 

71.17 

20 

1.1600 

22.25 

,57 

1.6477 

72.75 

21 

1.1694 

23.43 

58 

1.6667 

74.,36 

22 

1.1789 

24.61 

50 

1.6860 

75 00 

23 

1.1885 

25.81 

60 

1.7059 

77.67 

24 

1 .1983 

27.03 

61 

1.7262 

79.4,3 

25 

1.2083 

28.28 

62 

1.7470 

81.30 

26 

1.2185 

29.53 

6,3 

1.7683 

83.,34 

27 

1.2288 

,30.79 

64 

1.7901 

85.86 

2X 

1.2393 

32.05 

641 

1.7957 

86.33 

29 

1.2500 

, .33.33 

64 i 

1.8012 

87.04 

30 

1.2609 

34.63 

641 

1.8068 

87.81 

31 

1.2719 

,35.93 

65 

1.8125 

88.65 

32 

1 .2832 

,37.26 

651 

1.8182 

89.55 

33 

1.2946 

.38.,58 

651 

1.82,39 

90.60 

34 

1.3063 

,39.92 

651 

1.8297 

91.80 

35 

1.3182 

41.27 

66 

1.83.54 

93.19 

36 

1.3303 

42.63 





Allowance for Temperatures 


At 10° Be. correction of 

At 20° correction of 
At 30° Bii. correction of 

At 40° B4. con'ection of 

At 50° B^. correction of 

At 60° B6. correction of 

At 63° B6. correction of 

At 66° Bi. correction <if 


.029° 

B6. 

or 

.00023 

.036° 

Be. 

or 

.00034 

,0.35° 

B6. 

or 

.000,39 

.031° 

B6. 

or 

.00041 

.028° 

B6. 

or 

,00045 

.026° 

B6. 

or 

.00053 

.026° 

B6. 

or 

.00057 

.0235“ 

Be. 

or 

.00054 


Sp. Or. for every 1° P. 
Sp. Gr. for every 1° F. 
Sp. Or. for every 1° F. 
Sp. Gr. for every 1° F, 
Sp. Gr. for every 1° F. 
Sp. Or. for every 1° F, 
Sp. Or. for every 1° F] 
Sp. Or. for every 1° F’ 


For temperatures above 60° F., the correction is added to the observed 
indication;,below 60° F., subtracted. 
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FUMING SULPHURIC ACID 

Free SOj, Total SOt, and Equivalent Values in Terms of lOO'/i,, 98% and 
93.19% H.SO. 


Actual 

Composition 


Equivalents 


Free 

1 H,S0« 

Total 

100 % 

98% 

9.3.19^;;. n,so« 

80. % 


SO* 

H,S04 

H*S()4 

66® !«•. 

0 

100 

81.63 

100.00 

102.04 

107.31 

1 

99 

81.62 

100.23 

102.27 

107.55 

2 

98 

82.00 

100.45 

102.50 

107.79 

3 

97 

82.18 

100.67 

102.73 

108 0.3 

4 

96 

82.37 

100,90 

102.96 

108.28 

5 

95 

82..55 

101.13 

103.19 

108.52 

6 

94 

82.73 

101.,35 

103.42 

108.76 

7 

93 

82.92 

101.58 

103.65 

109.00 

8 

92 

83.10 

101.80 

10.3.88 

109.24 

9 

91 

83.29 

102.0.3 

104.11 

109.48 

10 

90 

83.47 

102.25 

104.34 

109.72 

11 

89 

83.65 

102.47 

104.57 

109.96 

12 

88 

83.84 

102.70 

104.80 

110.21 

13 

87 

84.02 

102.92 

105.03 

110.45 

14 

86 

84.20 

103.15 

105.26 

110.69 

1 ,S 

i 85 

84.39 

10,3.38 

105.49 

110.9.3 

16 

84 

84.57 

103.60 

105.71 

111.17 

17 

83 

84.75 

103.82 

105.94 

I 111.41 

18 

82 

84.94 

104.05 

106.17 

111.65 

19 

81 

85.12 

104.27 

106.40 

111.90 

20 

80 

85.31 

104.50 

106 63 

112.14 

21 

79 

85.49 

104.73 

106.86 

112.38 

22 

78 

85.67 

104.95 

107.09 

112,62 

23 

77 

85.86 

105.18 

107.32 

112.86 

24 

76 

86.04 

105.40 

107.55 

113.10 

25 

75 

86.22 

105.62 

107.78 

11,3.,34 

26 

74 

86.41 

105.85 

108.01 

113.59 

27 

73 

86 .,59 

106.07 

108.24 

113.8.3 

28 

72 

86.78 

106.30 

108.47 

114.07 

29 

71 

86.96 

106.,53 

108.70 

114.31 

30 

70 

87.14 

106.75 

108.9.3 

114.55 

31 

69 

87..33 

106.98 

109.16 1 

114,79 

32 

68 

87.51 

107.20 

109.,39 

115.03 

33 

67 

87.69 

107.42 

109.62 i 

115.28 

34 

66 

87.88 

107.65 

109.85 ! 

115.52 

35 

65 

88.06 

107.87 

110.08 i 

115.76 

36 

64 

88.24 

108.10 

110.31 

116.00 

37 

63 

88.43 

108..3.3 

110.54 

116.24 

38 

62 

88.61 

108.55 

110.76 

116.48 

39 

61 

88.80 

108.78 

110.99 

116.7,3 

40 

60 

88.98 

109.00 

111.22 

116.97 

41 

59 

89.16 

109.22 

111.45 

117.21 

42 

58 

89.35 

109.45 

111.68 

117.45 

43 

57 

89.53 

109.67 

111.91 

117.69 

44 

56 

89.71 

109.90 

112,14 

117 93 

45 

55 

89.90 

110.13 

112.37 

118.17 

46 

54 

90.08 

110.35 

112.60 

118.41 

47 

S3 

90.27 

110.58 

112.83 ' 

118.66 

48 

52 

90.45 

110.80 

113.06 ! 

118.90 

49 

51 

90.63 

111.02 

11.3.29 j 

119.14 
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FUMING SULPHURIC ACID (Continued) 


Free SOi, Total SOj, and Equivalent Values in Terms of 100%, 98% and 
93.19% H-iSOt 


AcrnAL 

CoMPOBITION 



Equivale.nts 


Free 

1 H,S0i 

Tolul 



93.19'’^, H,SO, 

SO, % 

''/() 

SOs 

HiSOs 

HiSO, 

66 ° Be. 

.so 

50 

90 

82 

111.25 

113.,S2 

119.38 

,S1 

49 

91 

00 

111.48 

11,3.75 

119.62 

52 

48 

91 

18 

111.70 

113.98 

119.86 

53 

47 

91 

37 

111.93 

114.21 

120.11 

54 

46 

91 

55 

112.15 

114.44 

120.,35 

55 

45 

91 

73 

112.37 

114.67 

120..S9 

56 

44 

91 

92 

112.60 

114.90 

120.83 

57 

43 

92 

10 

112.83 

115.13 

121.07 

58 

42 

92 

29 

113.05 

115.36 

121.31 

59 

41 

92 

47 

113.28 

115.,S9 

121.55 

60 

40 

92 

65 

113,SO 

115.82 

121.79 

61 

39 

92 

84 

113.73 

116.05 

122.04 

62 

38 

93 

02 

113.95 

116.28 

122.28 

63 

37 

93 

20 

114.17 

116.51 

122.52 

64 

36 

93 

39 

114.40 

116.74 

122.76 

65 

35 

93 

57 

114.62 

116.96 

123.00 

66 

34 

93 

76 

114.85 

117.19 

123.24 

67 

33 

93 

94 

115.08 

117.42 

123.49 

68 

32 

94 

12 

115.30 

117.65 

123.73 

69 

31 

94 

31 

115.53 

117.88 

123.97 

70 

30 

94 

49 

115.75 

118.11 

124.21 

71 

29 

94 

67 

115.97 

118.34 

124.45 

72 

28 

94 

86 

116 20 

118.57 

124.69 

73 

27 

95 

04 

116.42 

118.80 

124.93 

74 

26 

95 

22 

116.65 

119.0.3 

125.18 

75 

25 

95 

41 

116.88 

119.26 

125.42 

76 

24 

94 

59 

117.10 

119.49 

125.66 

77 

23 

95 

78 

117.,53 

119.72 

125.90 

78 

22 

95 

96 

117.,S,5 

119.95 

126.14 

79 

21 

96 

14 

117.77 

120.18 

126.,18 

80 

20 

96 

33 

118.00 

120.41 

126.62 

81 

19 

96 

51 

118.22 

120.64 

126.86 

82 

18 

95 

69 

118.45 

120.87 

127.11 

83 

17 

96 

88 

118.68 

121.10 

127..35 

84 

!(> 

97 

06 

118.90 

121.23 

127..S9 

85 

15 

97 

43 

119.13 

121.,S6 

127.83 

86 

14 

97 

61 

119..35 

121.79 

128.07 

87 

13 

97 

80 

119.57 

122.02 

128.31 

88 

12 

97 

98 

119.80 

122.25 

128.,S6 

89 

11 



120.03 

122.48 

128.80 

90 

10 

98 

16 

120.25 

122.70 

129.04 

91 

9 

98 

35 

120,48 

122.93 

129.28 

92 

8 

98 

53 

120.70 

123,16 

129,52 

93 

7 

98 

71 

120.92 

123.39 

129.76 

94 

6 

98 

90 

121.15 

123.62 

130.00 

95 

5 

99 

08 

121.37 

123.85 

130.25 

96 

4 

90 

27 

121.60 

124.08 

130.49 

97 

3 

99 

45 

121.8,3 

124.31 

130.73 

98 

2 

99 

63 

122.05 

124..S4 

130.97 

99 

1 

99 

82 

122.28 

124.77 

131.21 

100 

0 

100 

00 

122.50 

125.00 

131.45 
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NITRIC ACID 

(W. C. FerKuson) 


Adopted by the Manufacturin!; Chemists’ Association of the U. S. 1904, 


’’ Beaume 


HNOa 

j ! 

j Bcatinj (2 

. ,, 60° F. 

% HN03 

10.00 

1.0741 

12.86 

i 34.00 ; 

1,1063 

48.42 

10.50 

1.0781 

13.49 

.14.50 ' 

1.3122 

49.35 

11.00 

1.0821 

14.13 

.1,5.00 ' 

1,3182 

.50,.12 

11..50 

1.0861 

14.76 

,15.50 

1.3242 

51.,10 

12.00 

l.(-902 

15.41 

.^6.00 

l.,3303 

52.30 

12.50 

1.0943 

16.05 

.16.50 

1. .1.164 

53.32 

1 ,1.00 

1.0985 

16.72 

37.00 

1.3426 

.54..16 

13.50 

1.1027 

17.38 

,17.,50 

1,3488 

55.4.1 

14.00 

1.1069 

18.04 

,38.00 

1.3,551 

.56.52 

14.50 

1.1111 

18.70 

,18.,50 j 

1.3615 

57.65 

15.00 

1.11,54 

19.36 

.39.00 ' 

1. ,1679 

58.82 

15.50 

1.1197 

20.02 

39.50 1 

1.3744 

60.06 

16.00 

1.1240 

20.69 

40.00 i 

1.3810 

61.38 

16.50 

1.1284 

21.36 

40.25 

1.384.1 

62.07 

17.00 

1.1328 

22.04 

40.50 

1.3876 

62.77 

17.50 

1.1373 

22.74 

40.75 

1 .19„9 

63.48 

18.00 

1.1417 

23.42 

41.00 

1 .1942 

64.20 

18.50 

1.1462 

24.11 

41.25 

I . .1976 

64.93 

19.00 

1.15!'8 

24.82 

41 ..50 

1.4010 

65.67 

19.50 

1.15.54 

25.53 

41.75 

1.4044 

66.42 

20.00 

1 . 1600 

26.24 

42.00 

1 4078 

67.18 

20.50 

1.1647 

26.96 

42.25 

1 4112 

67.95 

21.00 

1.1694 

27.67 

42.50 

1,4146 

68.7,1 

■ 21.50 

1.1741 

28..36 

42.75 

1.4181 

60.52 

22.00 

1.1789 

29.07 

43.00 

1.4216 

70.31 

22.50 

1.1837 

29.78 

4.3.25 

1.4251 

71.15 

23.00 

1.1885 

30.49 

4.3.50 

1.4286 

71.98 

23.50 

1.19.14 

31.21 

4,3.75 

1,4,121 

72.82 

24.00 

1.1983 

31.94 

44.00 

1.4.156 

73.67 

24.50 

1.2033 

32.68 

44.25 

1.4,192 

74.5,1 

25.00 

1,2083 

3.1.42 

44..50 

1.4428 

75.40 

25.50 

1.2134 

.14.17 ! 

44.7.5 

1.4464 

76.28 

26.00 

1.2185 

,14.94 

45.00 

1.4.500 

77.17 

26..SO 

1.2236 

35.70 

45,25 

1.45,36 

78.07 

27.00 

1.2288 

36.48 

45.50 

1.457,3 

79.03 

27.50 

1.2.140 

.17.26 

4.5.75 

1 4610 

80.04 

28.00 

1.2393 

38,06 

46.00 

1.4646 

81.08 

28.50 

1.2446 

,38.85 

46,25 

1.4684 

82.18 

29.00 

1 .2.500 

.39 66 

46.50 

1.4721 

8 .1,3,1 

29.50 

1.2554 

40.47 

! 46,75 

1.4758 

84.48 

30.00 

1.2609 

41.30 

1 47.00 

1,4796 

85.70 

30.50 

1.2664 

42.14 

1 47.25 

1.48,14 

86.98 

31.00 

1.2719 

! 43.00 

47.50 

1.4872 

88.32 

31.50 

1.2775 

: 43.89 

47.75 

1 4910 

89.76 

32.00 

1.2832 

44.78 

48.00 

1.4948 

91.35 

32.50 

1.2889 

45.68 

48.25 

1.4987 

93.1.1 

33.00 

1.2946 

46..58 

48.50 

1.5026 

95.11 

33.50 

1.3004 

47.49 
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NITRIC ACID (Continued) 

Allowance for Temperature 

At from 10° to 20° B6. correction of 1/30° B6., 

or .00029 Sp. Gr. for every 1° F. 

At from 20° to 30° Be. correction of 1/23° B^. 

or .00044 Sp. Gr. for every 1° F. 

At from 30° to 40° Be. correction of 1/20° B^. 

or .00060 Sp. Gr. for every 1° F. 

At from 40° to 48,5° Be. correction of 1/17° B6, 

or .00084 Sp. Gr. for every 1°F. 


HYDROCHLORIC ACID 


(W. C. Ferguson) 

Adopted l)y the Manufactui ing Chemists’ Association of the U. S., 1903 


® Beaum^ 

„ ,, 60“ F. 

Sp.t,r.^0»F: 

1 ‘ 

i % IICl. 

1 ° Bcaumd 

1 

% HCl. 

1.00 

1.0069 

1.40 

18.70 

! 1.1-180 

29.13 

2.00 

1.0140 

2.82 

18.80 

1.1489 

29.30 

.^.00 

1.0211 

4.25 

18.90 

1.1498 

29.48 

4.00 

1.0284 

5.69 

19.00 

1.1,508 

29.65 

5.00 

1.0357 

7,15 

19.10 

1.1517 

29.83 

6.00 

1.0432 

8.64 

19.20 

1.1526 

30.00 

7.00 

1.0.507 

10.17 

19.10 

1.15.35 

30.18 

8.00 

1.0584 

li.71 

19.40 

1.1544 

30.35 

9.00 

1.0662 

1 13.26 

; 19.,50 

1.1554 

30.53 

10. OO 

1.0741 

14.83 

1 19.60 

1.1563 

30.71 

1(1,50 

1.0781 

15.62 

1 19.70 

1.1572 

,30.90 

11.00 

1.0821 

16.41 

19.80 

1.1581 

,31.08 

11.50 

1.0861 

17,21 

19.90 

1.1590 

31.27 

12.00 

1.0902 

18.01 

20.00 

1.1600 

.31.45 

12..50 

1,0943 

18.82 

: 20.10 

1,1609 

31.64 

12.75 

1,0964 

19.22 

1 20.20 

1.1619 

31.82 

13.00 

1,0985 

19.63 

20.,10 

1.1628 

32.01 

13.25 

1.1006 

20.04 

20.40 

1.1637 

32.19 

13..50 

1.1027 

20.45 

20.50 

1.1647 

32,38 

13.75 

1.1048 

20.86 

20.60 

1.1656 

32.56 

14.00 

1.1069 

21.27 

20.70 

1.1666 

,32.75 

14.25 

1.1090 

21.68 

20.80 

1.1675 

32.93 

14..50 

1.1111 

22.09 

20.90 

1.1684 

,32.12 

14.75 

1.1132 

22.50 

21.00 

1.1694 

,33.31 

15.00 

1.11.54 

22.92 

21.10 

1.1703 

,33.50 

15.25 

1.1176 

23.33 

21.20 

1.1713 

33.69 

15.50 

1,1197 

23.75 

21..30 

1.1722 

,33.88 

15.75 

1.1219 

24.16 

21.40 

1.1732 

34.07 

16.00 

1.1240 

24,57 

21.50 

1.1741 

.34.26 

16.10 

1.1248 

24.73 

21.60 

1.1751 

34.45 

16.20 

1.1256 

24.90 

21.70 

1.1760 

34.64 

16.30 

1.1265 

25.06 

21,80 

1.1770 

34.83 
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HYDROCHLORIC ACID (Continued) 


Beaume 

„ „ 60° 1 ’. 
■^P'°'' 66 °F. 

% HCl. 

16.40 

1.1274 

25.25 

16.,SO 

1.1285 

25..19 

16.60 

1,1292 

25.56 

16.70 

l.Uill 

25.72 

16,HO 

1.1510 

2,5.89 i 

16.60 

1 1519 

26.05 1 

17.00 

1.1528 

26 22 1 

17.10 

1,1556 

26.59 

17.20 

1.1.145 

26.56 

17.,?0 

1.15,S4 

>6.7.^ 

17.40 

1.1565 

26.9:1 

17.50 

1.1572 

27.07 

17.60 

1.1581 

27 24 

17.70 

1.1590 

27.41 

17.HO 

1.1.199 

27.58 

17,90 

1 . M08 

27.75 

IH.OO 

1.1117 

27,92 

18. 10 

1.1426 

28. ()9 

18.20 

1,1455 

28.26 

18.50 

1.1444 

28.44 

18.40 

1 .145,^ 

28.61 

18.50 

1 ,1462 

28.78 

18.60 

1.1471 

28.95 


" Uciuime 


% HCL 

21.9.) 

1.1779 

35.02 

22.00 

1.1789 

35.21 

22.10 

1.1798 

35.40 

22.20 

1.1808 

35..59 

22.50 

1.1817 

35.78 

22.40 

1.1827 

35.97 

22.50 

1.1856 

36.16 

22.60 

1.1846 

36.35 

22.70 

1.1856 

36.54 

22.80 

1.1866 

36.73 

22.90 

1.1875 

.56.93 

25.00 

1.1885 

37.14 

23.10 

1.1895 

37. ,16 

25.20 

1.1904 

37.58 

25.50 

1.1914 

.17.80 

25,4(1 

1.1924 

38.03 

25,50 

1.19,14 

58.26 

25.60 

1.1944 

38.49 

25.70 

1.1955 

.18.72 

25.80 

1.1965 

38.95 

25.90 

1.1975 

,19.18 

24.00 

1.1985 

39.41 

24,10 

1.1995 

,19.64 


Allowance for Temperature 

At 10° to 15° Bi’. coricctioii ot Be. or . 0002 Sp. Gr. for every 1°F. 

At 10° to 22° BO, correction of 3',,° Be. or .000.'? Sp. Gr. for every 1° P. 

At 22° to 25° Bo. correction of 3 ^° Be. or .0(K).?5 Sp. Gr. ^or every 1° F. 
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DENSITY OF SOLUTIONS OF SODIUM HYDROXIDE OF VARYING 
CONCENTRATION AT 15X. 


Lbe. per 
Cu. Ft. 

Specific 

Gravity 

iJi'grces 

Baumc 

(Lunge) 

NaiO 

Per (lent 

1 NaOII 
' Per Cent 

1 

Grams 

Na*0 

per Liter 

NaOH 

62.81 

1.007 

1.0 

0.47 

0.61 

4 

6 

63.24 

1.014 

2.0 

0.93 

i U'i20 

9 

12 

63.74 

1.022 

3.1 

1.55 

2.00 

16 

21 

64.18 

1.029 

4.1 

! 2.10 

2.70 

22 

28 

64.62 

1.036 

5.1 

2.60 

3.35 

27 

,35 

65.18 

1.045 

6.2 

3.10 

4.00 

,32 

42 

65.61 

1.052 

7.2 

.3.60 

5.64 

,38 

49 

66.11 

1.060 

8.2 

4.10 

5.29 

43 

56 

66.55 

1.067 

9.1 

4.55 

5.87 

49 

63 

67.1(5 

1.075 

10.1 

5.08 

6..55 

55 

70 

67.55 

1.083 

11.1 

5.67 

7.31 

61 

79 

68.05 

1.091 

12.1 

6.20 

8.00 

68 

87 

68.61 

1.100 

13.2 

6.73 

8.68 

74 

95 

69.11 

1.108 

14.1 

7.30 

9.42 

81 

104 

69.61 

1.116 

15.1 

7.80 

10.06 

87 

112 

70.17 

1.125 

16.1 

8.50 

10.97 

96 

123 

70.73 

1.134 

17.1 

9.18 

11.84 

104 

134 

71.23 

1.142 

18.0 

9.80 

12.64 

112 

144 

71.85 

1.152 

19.1 

10.50 

13.55 

121 

156 

72.47 

1.162 

20.2 

11.14 

14.37 

129 

167 

73.04 

1.171 

21.2 

11.7,3 

15.13 

1,37 

177 

73.60 

1.180 

22.1 

12.33 

15.91 

146 

188 

74.22 

1.190 

23.1 

1,3.00 

16.77 

1,55 

200 

74.84 

1.200 

24.2 

13.70 

17.67 

164 

212 

75.47 

1.210 

25.2 

14.40 

18.,58 

174 

225 

76.09 

1.220 

26.1 

15.18 

19.,58 

185 

2,39 

76.78 

1.231 

27.2 

15.96 

20.59 

196 

25,3 

77.40 

1.241 

28.2 

16.76 

21.42 

208 

266 

78.09 

1.252 

29.2 

17.55 

22.64 

220 

283 

78.77 

1.263 

30.2 

18.35 

2,3.67 

2.32 

299 

79.46 

1.274 

31.2 

19.23 

24.81 

245 

316 

80.15 

1.285 

.32.2 

20.00 

25.80 

257 

,332 

80.89 

1.297 

33.2 

20.80 

26.8,3 

270 

,348 

81.58 

1.308 

.34.1 

21.55 

27.80 

282 

,364 

82.33 

1.320 

35.2 

22.35 

28.8,5 

295 

381 

83.08 

1.332 

,36.1 

2,4.20 

29.93 

,309 

,399 

83.89 

1.345 

37.2 

24.20 

31.22 

,326 

420 

84.64 

1.357 

38.1 

25.17 

32.47 

,342 

441 

85.45 

1.370 

,39.2 

26.12 

,3.3.69 

359 

462 

86.26 

1.383 

40.2 

27.10 

34.96 

375 

483 

87.13 

1.397 

41.2 

28.10 

,36.25 

392 

506 

87.94 

1.410 

42.2 

29.05 

,37.47 

410' 

528 

88.81 

1.424 

4.3.2 

30,08 

38.80 

428 

553 

89.69 1 

1.438 

44.2 

31.00 

39.99 

446 

575 

90.62 

1.453 

45,2 

,32.10 

41.41 

466 

602 

91.56 

1.468 

46.2 

33.20 

42.8,3 i 

487 

629 

92.49 

1.483 

47.2 

34.40 

44.38 

510 

658 

93.43 

1.498 

48.2 

35.70 

46.15 

,5,35 

691 

94.43 i 

1.514 

49.2 

36.90 

47.60 

559 

721 

95.43 ; 

1.530 

,50.2 

38.00 

49.02 

581 

750 
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AQUA AMMONIA 

(W. C. FtTfiuson) 


Adoptal by the Manufacturing Cliemists’ Association of the United States 


Be* 

Sp. Or. 


Be* 

Sp. Or. 


He" 

Sp. Or. 

%NH, 

10 .IK)' 

roFan)” 

00 

16.5(1 

.9556 

IVIH' 

23.00 

.9150' 

23.52 

10.25 


.40 

16.75 

.9540 

11.64 

23.25 

.9135 

24.01 

10.50 

.9964 

.8(1 

I 17.0(1 

.9524 

12.10 

23.50 

.9121 

24.5(1 

10.75 

.9947 

1.21 

1 17.25 

.9508 

12.56 

23.75 

.9106 

24.99 

11.00 

.9929 

1.62 

I 17.50 

.9492 

13.02 

24.00 

.9091 

25.48 

11.25 

.9912 

2.04 

17.75 

.9475 

13.49 

24.25 

.9076 

25.97 

11.50 

.9894 

2.46 

18.00 

.9459 

13.96 

24.50 

.9061 

26.46 

11.75 

.9876 

2.88 

18.25 

.9444 

14.43 

24,75 

.9047 

26.95 

12.00 

.9859 

3.30 

18.50 

.9428 

14.90 

25.00 

.9032 

27.44 

12.25 

. 9842 

3.73 

18.75 

.9412 

15.37 

25.25 

.9018 

27.93 

12.50 

.9825 

4.16 

19.00 

.9,196 

15.84 

25,50 

.9003 

28.42 

12.75 

.9807 

4.59 

19.25 

.9380 

16.32 

25.75 

.8989 

28,91 

13.00 

. 9790 

5.02 

19.50 

. 9365 

16.80 

26.00 

.8974 

29.40 

13,25 

.9773 

5.45 

19.75 

.9349 

17.28 

26.25 

. 8960 

29,89 

13.50 

.9756 

5.88 

20.00 

.9333 

17.76 

26.50 

. 8946 

30.38 

13.75 

.9739 

6.31 

20.25 

.9318 

18.24 

26.75 

.8931 


14.00 

.9722 

6.74 

20.50 

.9302 

18.72 

27.00 

.8917 

31.36 

14.25 

.97(15 

7.17 

20.75 

.9287 

19,20 

27.25 

.8903 

31.85 

14,50 

.9689 

7.61 

21.00 

.9272 

19,68 

27.50 

. 8889 

32.34 

14.75 

.9672 

8.05 

21.25 

.9256 

211.16 

27.75 

.8875 

32.83 

15.00 

.9655 

8.49 

, 21.50 

.9241 

211.64 

28.00 

.8861 

33.32 

15.25 

,96,39 

8.93 

21.75 

,9226 

21.12 

28.25 

.8847 

33.81 

15.50 

.9622 

9.38 

; 22.00 

.9211 

21.60 

28.50 

.8833 

34.30 

15.75 

.9605 

9.8.3 

22.25 

.9195 

22.08 

28.75 

.8819 

34.79 

16.00 

.9589 

10.28 

, 22.50 

.9180 

22.56 

29.00 

.8805 

35.28 

16.25 

.9,S73 

10.73 

! 22.75 

,9165 

23.04 





Specific gravity ilctcrminations were made at 60“^ F., compared with 
water at 61)"' F. 

From the specific gravities the correponding degrees Baiim6 were calcu¬ 
lated by the following formula: 

rjaum<5 = o ' v*! " 1^0 

Sp. (ir. 

Baume Hydrometers for use with this table must be graduated by the 
above formula, which formula should always be i)nnted on the scale. 

Atomic weights from F. W. Clarke’s tnl)le of 1901. 0 = 16. 

Allowance for temperature. —The eoelTieient of expansion for Ammonia 
Solutions, varying with the temperature eorrt'ction, must be aj^jdied accord¬ 
ing to the following tabic: 


Corrcctioiifl to be :nl(lc<l for each 
degree below 60* F. 


{’orreefions fo be Hubtraetod fur caoh 
degree above 60" F. 


Degrees 

Baume 

40“ r. 

.SO” K. 

70" F. 

30 “ F. 

W* K. 

100* F. 

14° 

.015° He. 

.017° Be. 

.020° 116. 

.022° B6. 

.024° Be. 

.026° B6. 

16° 

.021 “ 

.023 " 

.026 “ 

.028 “ 

.0.30 " 

.032 " 

18° 

.027 “ 

.029 " 

.031 “ 

.033 “ 

.035 “ 

.037 “ 

20° 

.033 “ 

.0.36 “ 

.037 “ 

.0.38 “ 

.040 “ 

.042 " 

22° 

.039 “ 

.042 “ 

.043 " 

.045 " 

.047 “ 


26° 

.053 " 

.057 “ 

.057 " 

.059 " 

_ 
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ACETIC ACID AT 15° C. 

(Ou<iemans) 


SptK'ilic 

(iravity 

O® 

(XX 

Specific 

Gravity 

i 

Per Cent 
H.CtH.O, 1 

Specific 

Gravity 

(XK 

Specific 

Gravity 

Per Cent 
H.C*H,0* i 

I».9y92 

0 

1.0363 

26 

1.0623 

51 

1.0747 

76 

1 

1 

1.0375 

27 

1.0631 

52 

1.0748 

77 

1.0,)22 

2 

1.0388 

28 

1.06,58 

53 

1.0748 

78 

1.0li37 

3 

1.0400 

29 

1.0646 

54 

1.0748 

79 

1.0052 

4 

1.0412 

30 

1.0653 

55 

1.1,748 

80 

1.0067 

5 

1.0424 

31 

1.0660 

56 

1.0747 

81 

1.0083 

6 

1.0436 

32 

1.0666 

57 

1.0746 

82 

1.0098 

7 

1.0447 

33 

1.0673 

58 

1.0744 

83 

1.0113 

8 

1,0459 

34 

1.0679 

59 

1.0742 

84 

1.0127 

9 

1,0470 

35 

1.0685 

60 

1.0739 

85 

1.01-12 

10 

1.0481 

36 

1.0691 

61 

1.0736 

86 

1.0157 

11 

1.0492 

37 

1.0697 

62 

1.0731 

87 

1.0171 

12 

1 .0.502 

38 

1.0702 

6,5 

1.0726 

88 

1.0185 

13 

1.0513 

39 

1.0707 

6-1 

1.0720 

89 

1.02 HI 

14 

1.0523 

40 

1.0712 

65 

1.0713 

90 

1 .0214 

15 

1.0533 

41 

1.0717 

()6 

1.070.5 

91 

1.0228 

16 

1.0.543 

42 

1.0721 

67 

1.0696 

92 

1. ( 242 

17 

1.0552 

43 

1.0725 

68 

1.0686 

93 

1 .i'256 

18 

1 1.0,562 

44 

1.0729 

69 

1.0674 

94 

1 .027(1 

19 

1.0571 

45 

1.07.53 

70 

1.066O 

95 

1.0284 

20 

1,0,580 

46 

1,07.57 

71 

1.0644 

96 

1 .0298 

21 

1.0.589 

47 

1.0740 

72 

1.0625 

97 

1 0311 

22 

1.0598 

48 

1.0742 

7.5 

1.0604 

98 

1 1)324 

23 

1.0607 

49 

1.0744 

74 

1.0,58:) 

99 

1.0337 

24 

1.0615 

.50 

1.0746 

7,5 

1.0553 

100 

1.0350 

2$ 
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SPECIFIC GRAVITY AND PERCENTAGE OF ALCOHOL BY VOLUME 


(Squibb) 


Per 

Cent 

Alcohol 

by 

Volume 

Specific 
Gravity at 
1S.56« 
i5.56« 

Per 

Cent 

Alcohol 

by 

Volume 

Specific 
Gravity at 
15.56° 

15.56° 

Per 

('ent 

Alcohol 

by 

Volume 

Specific 
Gravity at 
15.56° 

15.56" 

Per 

Cent 

Alcohol 

by 

Volume 

Specific 
Gravity at 
15.56° 
15'.<6° ■ 

1 

0.9985 

26 

0.9698 

51 

0.9323 

76 

0.8745 

2 

.9970 

27 

.9691 

52 

.9303 

77 

.8721 

3 

.9956 

28 

.9678 

53 

.9283 

78 

. 8696 

4 

.9942 

29 

.9665 

54 

.9262 

79 

. 8664 

5 

.9930 

30 

.9652 

55 

.9242 

80 

. 8639 


.9914 

31 

. 9643 

56 

.9221 

81 

.8611 

7 

.9898 

32 

.9631 

57 

.9200 

82 

.8581 

8 

.9890 

33 

.9618 

58 

.9178 

83 

.8.557 

9 

.9878 

34 

.9609 

59 

.9160 

84 

. 8526 

10 

. 9869 

35 

.9593 

60 

.91.t5 

85 

. 8496 

It 

.9855 1 

36 . 

.9578 

61 

.9113 

86 

. 8466 

12 

. 9841 

37 

.9.565 

62 

.9090 

87 

.8434 

l.S 

.9828 1 

38 

.9550 

63 

.9069 

88 

.8408 

14 

.9821 1 

39 

.9535 

64 

.91)47 

89 

. 8373 

15 

.9815 

41) 

.9519 

65 

.9025 

90 

. 8340 

10 

.98:12 1 

41 

.9.503 

66 

.9001 

91 

.S305 

17 

. 9789 

42 


67 

.8973 

92 

.8272 

18 

.9778 

43 

.9470 1 

68 

.8919 

93 

. 8237 

19 

. 9766 

44 

.9452 1 

69 

.8925 

94 

.8190 

20 

.9760 

45 

.9434 

70 

.8900 

95 

.8164 

21 

.9753 

46 

.9416 

71 

.8875 

96 

.8125 

22 

.9741 

47 

. 9,^90 

72 

.8850 

97 

.S0<S4 

23 

.9728 

48 

.9381 

l.\ 

.8825 

98 

.8041 

24 

.9716 

49 

.9362 

74 

.8799 

99 

.7995 

25 

.9709 

5(1 

.9343 , 

75 

.8769 

100 

. 7946 


1 he taljlcs the ].)t^reonta);^o uf alcoliol by weif^lil anti by volume do 

not a^ree with each other. The ileusity of absolute alcohol given by Fownes 
is .7938 at IS.b'^C. (61)” F.) conijiarctl with water at the same tem]>eraturo 
Under the same conilitions Tralles linds a density of .7946. Stjuibb has shown 
that the density of absolute alcohol must be :tt least as low as .7935. This is 
.(103 lower than the density found by Fownes and correspoiuls to 0.1 per cent 
of alcohol. The taVjle given by Scjuibb is baseti on the values given by Ftnvncs 
for percentage by weight and tl'i 0 .sc given by Tralles for percentage Ity volume 

To reduce sp. gr. at to multiply by .999:18 or for 

sp. gr. 1.000 to .935 .subtract .0009 
" .934 to .825 " .0008 

" .824 " .0007 
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DENSITIES OF METALS 

The values given are in gms. per cc. at tlie ordinary room temperature 
unless otherwise stated. 

Density X 62.335 = lbs. per cu. ft. 


Aluminum. 2.7() 

Commercial wrought, 2.67; 

cast. 2..5 6 

Wire (free from 8i(h). 2.70 

Pure. 2.58 

Liquid at M. 1>. (720° C.) 2.43 

Antimony. 6.62 

Distilled in vacuo. 6.62 

Distilled in vacuo and com¬ 
pressed . 6.69 

Amorphous. 6.22 

Liquid at M. 1>. (620° C.) . . 6.41 

Arsenic. 5.72 

Crystalline, gray, 5.72; black 4.64 
Amorphous, brown. 3.70 

Bismuth. 9.80 

Distilled in vacuo. 9.78 

Electrolytic. 9.75 

Wire. 9.85 

Solid !it M. P. (271°('.).... 9.67 

Liquid. 10.00 

Cadmium. 8,64 

Rolled. 8.66 

Distilled in vacuo.8.65 

Wire, cold drawn. 8,64 

Solid at M. P. (318° C.). ... 8.37 

Liquid atM.P. (318° C,).. 7.99 

Copper. 8.93 

Cast. 8..0DS.92 

Wire. 8.93-8,95 

Beaten. 8.92-8.96 

Electrolytic. 8.88-8.95 

Distilled in vacuo. 8.93 

Gold. I'b3 

Cast. 19.29 

Rolled. 19.31 

Wire: soft drawn, 19:26; 

hard <irawn. 19.25 

Crystalline from solution... 19.43 


Iron. 7.86 

Pure. 7.8,5-7.88 

Wrought. 7.79-7.85 

Cast: gray, 7.03-7.13; 

white. 7.58-7.73 

Piano wire, 7.78; annealed. 7.80 

Lead. 11.34 

Cast. 11.34 

Rolled. 11..35 

Wire. 11.34 

Distilled in vacuo. 11.,34 

Solid at M, P. (32.5° C.).... 11.01 
Liquid at M.P. (325° C.)... 10.65 

Nickel. 8,8 

Cast. 8.90 

Malleable, sheets, etc. 8.84 

W'ire, cold drawn. 8.76 

Wire, coltl <lrawn, annealed 8.84 

Platinum. 21.4 

Thirc, cast an<l l,)e;iten. 21.4 

Wirt', cold drawn. 21.4 

Platinum sponge. 21.1 

Silver. 10.50 

Cast. 10,42 10.51 

Commercial, i)ure . 10,36 

Electrolytic. 10.53 

Tin. 7.28 

Cfunmcreial Tin (white Tet- 
ragrmal). 

Cast. 7.28-7.,30 

Solid .at M. P. (226° 7.18 

Liquiil at M. P. (226° C.) 6.99 

Rh<»mic mtxlification. 6.56 

Gr;iy modification. 5.75 5.85 

Zinc. . 7.1 

Cast, cooled slowly. 7.10-7.16 

Cast, cooled (juiekly.. . . 7.04-7.14 

Rolled..'. 7.19 

Distilled in v.acuo.. 6.92 

Distilled in vacuo and com¬ 
pressed . 7.13 
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DENSITIES OF ALLOYS 

The values given below are in gnis. per cc. at ordinary temperatures. 
Compositions are percentage by weight. 

Brass, Yellow, 70 Cu + 30 Zn, cast. 8.44 

" “ “ “ rolled. H.S(> 

“ " " “ drawn. 8.7o 

“ Red, 90 Cu + 10 Zn. 8.60 

“ White, 50 Cu 4-30 Zn. 8.20 

Bronze, 90 Cu + 10 Sn. 8,78 

" 85Cu + 15Sn. 8.80 

" 80 Cu + 20 Sn. 8.74 

“ 75 Cu H- 25 Sn. 8.83 

German Silver, 26.3 Cu -j- 36.6 Zn + 36.8 Ni. 8.30 

“ " 52 Cu + 26 Zn + 22 Ni. 8.45 

“ “ 59 Cu + 30 Zn + 11 Ni. 8.34 

“ “ 63 Cu -I-30 Zn -b 6 .Ni. 8.30 

Monel Metal.. . 8.80 

Cop])cr ami Aluininum, 97 Cu + 3 A1. 8,69 

“ “ 95Cu-t- 5A1. 8,37 

" " OOCu + IOAl. 7.69 

Aluminum and Zinc, 91 A1 H- 9 Zn. 2.80 

Wood's Metal. 50 Bi + 25 Rb + 13.5 CM + 12.5 Sn. 9.70 

Bismuth, Lead and Tin, 53 Bi d- 40 Pt) + 7 Sn.10.56 

Antimony and Bismuth, 54 Sb + 46 Bi. 7.86 

Antimonv and Tin, 51.4 Sb T 48.6 Sn.11.46 

" ■ “ 9.5 Sb+90.5 Sn. 9.36 

Iron and Silicon (Durionl, 84.5 Fe + 14 Si d- 1.5 other Elements. 7,00 

Iron and Antimony, 55 Fe d~ 45 Sb. 8.16 

Tin and (.'admium, 68 Sn -p 32 Cd. 7.70 

Lead and 1'in, 87.5 Pi) d‘ 12.5 Sn..10.60 

“ “ .84 Pb + 16 Sn.10,33 

“ “ 77.8 Pb d-22.2 Sn.10.05 

“ “ 63.7 Pb + 36.3 Sn. 9.43 

“ “ 46.7 Pb t- 53.3 Sn. 8.73 

“ " 30.5 Pb d-69.5 Sn. 8.24 

Lead and .Mercury, 51 Pb -f- 49 llg.12.48 

Mercury and Tin, 77.5 Hg d~ 22.5 Sn.11.46 

“ “ 46.3 llg d-53.7 Sn. 9..36 

Silver and Lead, 51 Ag d- 49 Pb.10.92 

2Agd-98Pb .11.,13 

Silver ,'md Cop|K*r, 94.4 Ag -p 5,6 Cu.10.36 

“ " 89.3 Ag d- 10.7 Cu.10.30 

" “ 66.3 Ag d-33.7 Cu.10.00 

“ “ 19.65 Ag d- 50.35 Cu. 9.65 

“ “ 29.5 Ag + 70.5 Cu. 9.32 

Gold and Silver, 78.5 Au d- 2L5 Ag.16.35 

“ “ 64.6 Au X 35.4 Ag.14.87 

" “ 47.7 Au d-52.3 Ag.13,43 

“ “ 23.5 Au d-76.5 Ag.11.76 

Gold ami Co|)per, 98 Au + 2 Cu.18.84 

“ " 96Aud-4Cu .1S..36 

“ “ 94 And-9 Cu.17.95 

“ “ 92Au,f8Cu .17,52 

Gold and Lead, 8.7 Au d- 91.3 Pb.11.84 

Platinum .and Iridium. 90 Pt -p 10 Ir.21.62 

“ “ 85 Pt d-15 Ir.21.62 

“ •' 66.7 Pt d-,33.3 Ir.21.87 

“ “ 5 Pt d- 95 Ir'..22..38 
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DENSITIES OF VARIOUS SUBSTANCES 


The values given below arc approximate densities in gms. i)er cc. at or¬ 
dinary room temperature. 

Density X 62.335 - lbs. per cu. ft. 


Asbestos. 2.1--2.8 

Asbestos l)oani. 1.2 

Basalt. 2.7-3.2 

Bone. 1.7 -2.0 

Brickwork. 1.5-1.7 

Cclluloul. 1.4 

Cement. 2.7-3.0 

Charcoal (wood!. ().3--0.6 

Coke {absolute di'usity). 1.4 

Coke (apjiarcut). 0.5 

Cork. 0.2 

Cotton (air dried). 1.5 

Ebonit.(‘. 1.2 

Fire Brick. 1.8 2.2 

Flax (air dried). 1.5 

Cas Carbon. 1.8 2.0 

Celatinc. 1.3 

Class, Bottl.‘. 2.6-2.7 

(?rown ordinary. 2.4 

Crystal ordinarv .1.3 

Flint.'.2.0 3.1 

Plate. 2.5 

Window. 2.5 

Clue.. 1.3 

Cranitc. 2.5 2.0 

Cum arabic. 1.3- l.-l 

Cutta Percha. 1.0 

India Rubber, raw.0.0 -1.0 

India Rubber, vulcanized .. 1.2 1.7 
Ivory. 1.8“1.0 

Seasoned woods: 

Alder. 0.5 

Ash.0.7-0.8 

Bamboo. 0.4 

Beech. 0.7 

Birch. 0.7 

Cedar. 0.5 0.7 

Cypre.ss. 0.5 

Pvbony. 1.2 

Kim. 0.6-0.7 

Larch. 0.5 


Leather.. 0.9-.01 

Lo.am. 1.5-2.3 

Marble. 2.5-2.8 

Marl. 2.3-2.5 

Masonry. 2.4 

Mctliylatcil Spirit. 0.8 

Milk. .1.03 

Mortar (lime) apparent. 1.8 

Paper. 0.7-1.1 

Paraffin Wax. 0.8-0.0 

Pitch. 1.1 

Porcelain. 2.2-2.5 

Pumice, natural. 0.4-0.9 

Resin (pine). 1.1 

Sand-dry absolute.1.5 

vSaiul-dry aiiiuirent . 2.6 

Sandstone. 2.2--2.5 

Sandstone, artificial. 2.0 

vSca-wati'r. l.t)3 

Silica fused transparent. 2.2 

Silica fused translucent. 2.1 

Silk, natural. 1.6 

Slag... . 2.5 3.0 

Slaked lime, apparent. , .. 1.3-1.4 

Slate. 2.6-2.7 

Steel. 7.8~7.0 

Tile. 1.8 

Turpentine. tt.O 

Vinegar. 1.1 

Wool (air dried) . 1.3 


Lignum-vitce. 1.2-1.4 

Mahogany. 0.6-0.8 

Maple. 0.7 

(3ak. 0.7-1.0 

Pine (white). 0.5-0.6 

Pine (yellow). 0.5-0.8 

Poplar. 0.4-0.5 

Teak. 0.8-0.9 

Walnut. 0.7 

Willow. 0.5-0.6 
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DIAMETER IN FEET AND INCHES, AREA IN SQUARE FEET AND 
U. S. GALLONS CAPACITY FOR ONE FOOT IN DEPTH 
OF CYLINDRICAL TANKS 


1 gallon — 231 cubic inches = 


1 cubic foot 
7.4W~ 


0.13368 cubic feet 


Diam. 

Area 

Gal 

. 

Diam. 

J^ro.a 

Gals. 

Ft. 

In. 

Sq. 

Ft. 

I Foot 

Depth 

Ft. 


Sq. Ft. 

1 Font 
Depth 

1 


0 

785 

5 

87 

4 

10 

18.35 

137.25 

1 

1 

0 

922 

6 

89 

4 

11 

18.99 

142.(t2 

1 

2 

1 

069 

8 

00 

5 


19.63 

146.88 

1 

3 

1 

227 

9 

18 

5 

1 

20.29 

151.82 

1 

4 

1 

396 

10 

44 

5 

2 

20.97 

156.83 

1 

5 

1 

576 

11 

79 

5 


21.65 

161.93 

1 

6 

1 

767 

13 

22 

5 

4 

22.34 

167.12 

1 

7 

1 

969 

14 

73 

5 

5 

23.04 

172.38 

1 

8 

2 

182 

16 

32 

5 

6 

23.76 

177.72 

1 

9 

2 

405 

17 

99 

5 

7 

24.48 

183.15 

1 

10 

2 

640 

19 

75 

5 

8 

25 22 

3 88 66 

1 

11 

2 

885 

21 

58 

5 

9 

25.97 

194.25 

2 


3 

142 

23 

50 

5 

10 

26.73 

199 92 

2 

1 

3 

409 

25 

50 

5 

11 

27.49 

205.67 

2 

2 

3 

687 

27 

58 

6 


28.27 

211,51 

2 

3 

3 

976 

29 

74 

(^ 

3 

.10.68 

229.so 

2 

4 

4 

276 

31 

99 

6 

6 

33.18 

248.23 

2 

5 

4 

587 

24 

31 

() 

9 

35.78 

267.69 

2 

6 

4 

900 

36 

72 

7 


38.48 

287.88 

2 

7 

5 

241 

39 

21 

7 

.1 

41.28 

308.81 

2 

8 

5 

585 

41 

78 

7 

6 

44.18 

330.48 

2 

9 

5 

940 

44 

43 

7 

9 

17.17 

352.88 

2 

10 

6 

305 

17 

16 

s 


50.27 

376.01 

2 

11 

6 

681 

49 

98 

8 

5 

53.46 

399.88 

3 


7 

060 

52 

88 

8 

6 

56.75 

424.48 

3 


7 

467 

55 

86 

8 

9 

60. 13 

149.82 

3 

2 

7 

876 

58 

92 

<) 


63.62 

475.89 

3 

3 

8 

296 

62 

06 

9 

3 

67.20 

502.70 

3 

4 

8 

727 

65 

28 

9 

6 

70.88 

530.24 

3 

.S 

9 

168 

68 

58 

9 

9 

74.66 

558.51 

3 

6 

0 

621 

71 

97 

10 


78.54 

587 52 

3 

7 

10 

085 

75 

44 

10 

3 

82.52 

617.26 

3 

8 

10 

5.59 

78 

99 

10 

6 

86 .59 

647.74 

3 

9 

11 

045 

82 

62 

10 

9 

90.76 

678.95 

3 

10 

11 

541 

86 

33 

11 


95.03 

710.90 

3 

11 

12 

048 

90 

13 

11 

3 

99.40 

743.58 

4 


12 

566 

94 

00 

11 

6 

103.87 

776.99 

4 

1 

13 

095 

97 

96 

11 

9 

108.43 

811.14 

4 

2 

13 

635 

102 

00 

12 


113.10 

846.03 

, 4 

3 

14 

186 

106 

12 

12 

3 

117.86 

881.65 

4 

4 

14 

748 

no 

32 

12 

6 

122.72 

918.00 

4 

S 

1.1 

321 

114 

61 

12 

9 

127.68 

955.09 

4 

6 

15 

90 

118 

97 

13 


132.73 

992.91 

4 

7 

16 

50 

123 

42 

13 

3 

137.89 

1031.5 

4 

8 

17 

10 

127 

95 

13 

6 

143.14 

1070.8 

4 

9 

17 

72 

132 

56 

13 

9 

148.49 

1110.8 
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DIAMETER IN FEET AND INCHES, ETC. (Continued) 


Diam. 

Area 

Gals. 

Diam. 

Area 

Gals, 

Ft. 

In. 

Sq. Ft. 

1 Foot 

Depth 

Ft. 

In. 

Sq. Ft. 

1 Foot 
Depth 

14 


153.94 

1151.5 

23 

6 

4.33.74 

3244.6 

14 

3 

159.48 

1193.0 

23 

9 

443.01 

.3314.0 

14 

6 

165.13 

1235.3 

24 


452..39 

3.384.1 

14 

9 

170.87 

1278.2 

24 

,3 

461.86 

.3455.0 

15 


176.71 

1321.9 

24 

6 

471.44 

3526.6 

15 

3 

182.65 

1366.5 

24 

9 

481.11 

.3.598,9 

15 

6 

188.69 

1411.5 

25 


490.87 

,3672.0 

15 

9 

194.83 

1457.4 

25 

3 

500.74 

3745.8 

16 


201.06 

1504.1 

25 

6 

510.71 

,3820.3 

16 

3 

207.,39 

1551.4 

25 

9 

520.77 

.3895.6 

16 

6 

213.82 

1599.5 

26 


530.93 

3971.6 

16 

9 

220.35 

1648.4 

26 

3 

,541.19 

4048.4 

17 


226.98 

1697.9 

26 

6 

.551.55 

4125.9 

17 

3 

233.71 

1748.2 

26 

9 

562.00 

4204.1 

17 

6 

240.55 

1799.3 

27 


572.56 

4283,0 

17 

9 

247.45 

1851.1 

27 

,3 

58.3.21 

4362.7 

18 


2.54.47 

19I.V3.6 

27 

6 

,593.96 

4443.1 

18 

3 

261.59 

1956.8 

27 

9 

604.81 

4524.3 

18 

() 

268.80 

2010.8 

28 


61.5,75 

4606.2 

18 

9 

276.12 

2065.5 

28 

3 

626.80 

4688,8 

19 


283.55 

2120.9 

28 

6 

637.94 

4772.1 

19 

3 

291.04 

2177.1 

28 

9 

649.18 

48,56.2 

19 

6 

298.65 

22.34.0 

i 29 


660..52 

4941.0 

19 

9 

.306.35 

2291.7 

1 20 

3 

671.96 

5026.6 

20 


314.16 

2,3,50.1 

i 29 

6 

683.49 

5112.9 

20 

3 

.322.06 

2405.2 

29 

9 

695.1,3 

5199,9 

20 

6 

330.06 

2469.1 

30 


706.86 

5287,7 

20 

9 

3,38.16 

2.529.6 

.30 

,3 

718.69 

,5376.2 

21 


346.36 

2591.0 

30 

6 

7,30.62 

5465.7 

21 

3 

,3.54.66 

2653.0 

30 

9 

742.64 

5.555.4 

21 

6 

.363.05 

2715.8 

,31 


7.54.77 

5646,1 

21 

9 

371.54 

2779.3 

31 

3 

766.99 

5737,5 

22 


.380.13 

284,3.6 

,31 

6 

779.31 

.5829,7 

22 

3 

297,61 

2908,6 

31 

9 

791.73 

5922.6 

22 

6 

,397.61 

2974.3 

32 


804.25 

6016.2 

22 

9 

406.49 

.3040.8 ■ 

32 

3 

816.86 

6110.6 

23 


415.48 

3108.0 

.32 

6 

829.58 

6205.7 

23 

3 

424.56 

.3175.9 

32 

9 

842.,39 

6301.5 


From Kent's ‘‘Mcchanieal Engineers’ Pocketbook" 
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PHYSICAL PROPERTIES OF ACID-RESISTING BRONZES 


Grade of Bronze 

Form 

Tensile 
Strength 
per Sq. inch 
in Pounds 

Yield Point 
per 

Sq.Inch 
in Pounds 

I 

c e 

! 

i 

Reduolion 
of Area 

% 

HY-TEN-SL Bronze... 

Castings 

1(15,0(10 

6),000 

15.0 

15.0 

liY-TliiN-iSL Bronze... 

Roller 1 

110,00(1 

70,000 

12.0 

20.0 

Manganese SMB. 

Castin^^s 

7(1,000 

35,000 

3(1.0 

30.0 

ManKancso AMB. 

Naval. 

Castings 
Rolled and 

62,000 

30,0(10 

25.0 

25.0 

Phosphor No. 1. 

F<)rgcd 

54,000 

25,00(1 

40.0 

45.0 

Castings 

25,00(1 

18,000 

4.0 

30.(1 

U. S. Gov’t Gun. 

Castings 


211,000 

20.0 

20.0 


COMPARISON OF PHYSICAL PROPERTIES OF ALUMINUM, BRASS 
AND STEEL 


Property 

Ahiininiiin 

Bru.s8 

Steel 

MeltiiiK' Point, ° C. 

658 

95(1 

1482 

Mcltint; Point, ° F. 

1217 

1740 

270(1 

Annealing Point, ° C. 

427 to 482 

50(1 

600-650 

Annealing Point, ° F. 

80(1 to 900 

868 

1110-1200 

Specific lieat (Water :: 1). 

Thermal Conductivity (Silver 

0.2185 

(1.094 

0.1165 

100). 

Coefficient. Linear Expansion, per 

51. 

23.8 

U. 

C. 

Coefficient Linear Expansion, [)er 

0.0(1(10222 

0.0(100189 

.0(1001144 

° F. 

(‘.(100(1123 

0.0000105 

.0(100(1636 

Specific Gravity, Cast. 

2.56 

8.10 

7.70 

Specific Gravity, Rolled. 

2.71 

8.51 

7.90 

Weight in lbs. per cu. in., cast. . . 

0.0924 

0.294 

Weight in lbs. per cu. in., rolled... 
Tensile Strength, lbs. per sq. in., 

0.0978 

0.308 

(1.2839 

cast. 

Tensile Strength, lbs. per sq. in., 

12,000 

18,000 

55,000 

rolled. 

Modulus of Elasticity in lbs. per 

12,5(1(1 to 29,0(10 

22,400 

65,000 

sq. in. 

9,0(10,000 

9,200,000 

30,000,000 
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SHEET, ALUMINUM, COPPER, BRASS, ZINC, STEEL 


Water at IS” C 


Weights per Square Foot 

.62.3737 pounds per cubic foot 


Aluminum Copper Brass Zinc 
Specific Gravity Rolled Metal. .. 2.71 8.890 8.512 7.191 

Pound per cubic inch .0978 .3212 ... .3075 .2598 


Steel 
7.858 
. 2839 


Thick nesa, 

Alumiiiutii, 

Inches 

Lbs. 

.1250 

1,7607 

.1144 

1.6117 

. 1090 

1..5,353 

.1019 

1.4353 

. 1000 

1.4086 

.0938 

1.3212 

.0907 

1.2781 

.0900 

1,2677 

.0808 

1.1.382 

.0800 

1.1268 

.0781 

1.1001 

.0720 

1.01,36 

.0703 

.9902 

.0700 

.9860 

.0641 

.9026 

.0625 

.880,3 

.0600 

.8451 

.0571 

.8038 

.0.563 

. 79,30 

.0550 

.7747 

.0508 

.71.58 

.0.500 

. 7043 

.0453 

.6375 

.04.50 

. 6338 

.0438 

.6169 

.0403 

■. 5676 

,0400 

.56.34 

.0375 

..5282 

.0360 

.5071 

.0359 

. .505,5 

.0344 

.4845 

.0320 

.4501 

.0313 

.4408 


Clipper, 

Lbs. 

1 Hrass, 

! t.bs. 

i 

Zinc, 

Lbs. 

Steel, 

Lbs. 


1 

4.6760 

5.1096 

5.2906 

5.0656 


4,45,57 

4,7125 

4.5121 

. 

3.7408 




3.8344 

4.1946 

4.U162 


3,3667 


3.7367 

2.5778 


2.9927 




3.1926 

3.3297 

3.1882 


. 

2.8737 



2.6186 

2,9644 

2.8383 



2.5549 



2.2445 

2.6407 

2.5284 



2,.3014 



2.0575 

2.3493 

2.2494 


1.8704 

2.044 

2.0950 

2.0059 

1.6834 




1.7905 

1.86,57 

1.7845 


1.4963 




1.5329 



1.346/ 

1.6602 

l.,5897 



1.4062 

1.4799 

1,4169 

1.1971 

1.2795 
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MECHANICAL PROPERTIES OF SHEET ALUMINUM (PURE AND 

ALLOYED) 


Kind of 
Metal 

Tensile StreiiKtb 

Lb. /Sq. In. 

Yield Point 

Lb./Sq. In. 

in 2 uielies 
in per cent 

Briiinell 

Hardness 

2SO 

2SH 

12,000 

20,000 

3,()(!0 to 5,000 
14,000 to 22,000 

25 to 35 

3 to 1 

22 to 26 

45 to 55 

3SO 

3SH 

18,000 

30,000 

7,000 to 8,000 
16,000 to 24,000 

15 to 25 

4 to 1 

52 to .^6 

55 to ()5 

17SO 

17SH 

17ST 

17SRT 

26,000 

40,000 to 45,000 
50,000 to 55,000 
60,000 to 75,000 

7,000 to 10,000 
35,000 to 40.000 
30,000 to 35,00(1 
45,000 to 60,000 

18 to 12 

4 to 2 

20 to 18 

10 to 1 

47 to 55 
65 to 80 
85 to 105 
105 to 160 


MECHANICAL PROPERTIES OF MONEL METAL 


Material 

Proportiuiinl 

Limit 

psi 

TbNHILB JbtOPEHTIES 

Yield 1 Tensile 

Point ! Strenulli 

[isi 1 psi 

KU)iiKati( 
in 1 in. 

Hot rolled rods and rounds 
up to I" diam. 

+ 39,700 

51,300 

91,51)0 

46 

diam. 

+47.700 

59,600 

93,200' 

37 

diam. 

+40,200 

51,900 

90,300 

42 

21^''-3V2'^ diarn. 

+ 32,200 

41,800 

88,900 

46 

Over . 

+37,200 

.50,300 

88,400 

43 

Hexagonals. 

49,100 

60,600 

92„3O0 

38 

Rectanj?:lcs. 

35,800 

47,000 

89,800 

47 

Castings. 


.hl.DOO to 

65,000 to 

25 to 



-10,000 
25,000 U) 

80,000 
65,000 to 
75,000 
110,000 to 

35 

35 to 

Wire (hard). 


35.000 
100,000 to 

45 

1 to 



1.^0,000 
25,000 to 
.^0,000 
60,0(K‘ to 
00,000 

l-KUKH) 

65,(MM) to 

2 

20 to 



75.000 
89,000 to 
100,000 

3(1 

20 to 



30 


+Tensile projiertios and liardnos, are averape for 1919-1920. 
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♦ Torsional Propshtiis 

Harbniss 

Material ' 

Propor¬ 

tional 

Limit 

Yield 

Point 

Ultiin. 

Str. 

Shearing 
Deforma¬ 
tion in 
ins. per 
in. of 
gage Igth. 

B. H. N. 
3.000 

B. H. N. 
500 

Sclero-. 

scope 

Univer¬ 

sal 

Ham¬ 

mer 

Hot rolloi rods and 
rounds up to 1'' 

25.200 
29,700 

20.200 
24,200 

30,000 

38,600 

26,700 

32,200 

62,000 

61,800 

63,300 

62,100 

2,78 

2.83 

2.64 

2.57 

144 
/162 
1161 
147 
152 
167 
144 
105 to 
115 

113 
130 
127 
120 
120 
1.33 

114 

22 

23 

23 

23 

24 

25 

24 

1 i'/-l 1 r fliam. \ 

1diam. / 
2H''-3i^2"diam. ... 

Over . 

















100 to 
120 





1 

i 






1 








i 

1 


180 to 
200 





1 



_' 



’Torsional properties, average of 72 tests. 


PHYSICAL PROPERTIES OF MONEL METAL 


Color—white. 

Density (specific gravity). 8.80 g/cc. 

Weight per cu. in.318 lbs. 

Melting point.1300-1350° C. (2370-2460° F.) 

Shrinkage (pattern). M'per foot 

f 25-100° C. 0.000014 per ° C. 

Coefficient of thermal expansion ( 25-300° C. 0.000015 per ° C. 

I 25-600° C. 0.000016 per ° C. 

Electrical resistivity 256 ohm-niil-foot (42.5 microhm-cm.) (conductivity 
4% of that of copper). 

Coefficient of electrical resistivity—.0019 per ° C. or .0011 per ° F. 

Optical reflection coefficient—60%. 

Thermal conductivity—.06 cgs units (conductivity ,>j that of copper). 

Specific heat (20-1,300 C.)—.127 cal./g. 

,, • j , • . . iiA /Cast Metal.500 Gausses 

Magnetic induction at 100 gausses |i_o000-l,5000 “ 

Young's Modulus of Elasticity—25,000,000 psi. 

Torsiomal Modulus—9,500,000 psi. 

Compression tests of hot rolled Monel rods— 

Proportional limit.35,000—45,000 psi 

Yield point.60,000—70,000 psi 

Resistance to alternating stress in rotating beam machine—approx. 100,000,000 
alternations at proportional limit; i.c., the endurance safe limit. 

Izod test—100 ft. lbs. on standard specimen. 
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PHYSICAL AND MECHANICAL PROPERTIES OF DURIRON 


Specific gravity. 

Weight per cu. in. 

Tensile strength. 

Transverse strength.1, 

, Compression strength. 

Melting point. 

Coefficient of expansion. 

Shore scleroscope hardness. 

Contraction allowance in casting. 
Electrical resistivity. 


. 7.00 

. 0.253 11). 

.about 10,000 lbs. per sq. in. 

000 lbs. with deflection between iV" I" 

.70,000 lbs. per sq. in. 

.about 2300° F» 

.00001565 per degree F. 

.49-51 

.,'V," i)er foot 

.6.b3 Mierolini.s per c.c. at 0° C. 

71.2 Microhms [)cr c.c. at 18° C. 
94.4 Microhms ])er c.c. at 100° C. 


THERMAL CONDUCTIVITY (VALUES, EXCEPT DURIRON FROM 

KENT) 


Silver 

(/Opper 

AluiniiJuiD 

Cast Iron 

1 ' , 1 

I DiJl'iroii 

I.ca.l 1 

1000 

811 

665 1 

1 

859 

! 

287 1 2 
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•NickehCopper AUoye 
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appendix 



rickei bronse. 
[ickel bronie. 
iicfcel bronze. 
































































































I Cast gives 20,000 Ibs./fiO- in. tensile strength. 
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PHYSICAL PROPERTIES OF CRUCIBLE STEEL COMPANY’S SPECIAL 
CORROSION RESISTING STEEL 

Physical Properties 

Cast Ingots.Elastic lamit 47400 

Ultimate Strength 84480 

(Before annealing.Elongation 19. ,S 

or heat treating).Reduction 16.6 



Yinid 
Point lbs. 
per sq. ill. 

Ultiiiiate 
Strengtli 
n»H. per sq. in. 

I'yioiiKatioii 
in 2 in. 

Kfd. of 
.Area in 2" 

Uriiiiu’ll 

Hammered Bars Max. 

107,270 

1 16,870 

67,5 

69.3 

302 

(2, .3, 4, 5) Min. 

5,1,990 

10,l,(,9,l 

25,5 

41). 1 

187 

.'tvg. (20) 

70,550 

118,481) 

43.95 

55.6 

226 






Shore 

H. R. Sheet 600°C. 

89,440 ~ 

118,9,10- 

54.5 — 

45.1 - 

.50- 

(2-6) 

83.950 

114.600 

48,5 

44 

44 

9.S0° C. 

79,310- 

131,190- 

41 , - 

37.9 - 

50 


71,4.10 

1,10,720 

,17. 

50.9 


1200° C. 

56,270- 

116,020- 

64 - 

51 . - 

40- 


,54,890 

08,250 

50,5 

42.7 

.16 

H. R. .Sheet 600° C. 

117,3,50- 

1-27,000- 

,12 5 - 

59 7- 

57- 

(.3-8) 

111,600 

126,900 

22.5 

36.3 

55 

950° C. 

99,100- 

1,14,600- 

.14.5 - 

41 9- 

47- 


87,7,10 

129,270 

,1.1. 

40.2 

45 

1200° C. 

67,9,10- 

109,120 - 

62.5 - 

51.1- 

38- 


57,900 

99,400 

51.5 

47. 

3.1 



Klastic 
Iniiiit. lbs. 
|K’r 8«j. in. 

Yield 
Poilll. lbs. 
per 8(j. in. 

TiMINilc 
SlrciiKtii 
lt)H. pt-r a<|. ill. 

Elminiition 
ill 2" 

Kcd. of 
Ami in 2" 

Brinnell 

1" ,Sq. Rolled Bar 

90,500 

99,500 

1,14,250 

29 

49.2 

269 

(3-10) 







Gr,ide 3 1292° F. 



71,470 

20 

24.7 


1472° F. 



44,900 

28.5 

62.8 


1760° F. 



21,395 

37.5 

82.4 



Compression and Torsion Values on 0.038' Sheets and Bars 



Tcnsion 










Com- 

.... 


Impact 

Hard- 

Due- 




pro88ion 



tility 








Bar 

Slieet 






Elastio Limit. 

thUiOO 

152590 

81610 


521.50 

M.of 11. 




Ultimate Streiifttb. . 

122500 

2031,50 

130300 

82420 

1105f>0 




Klong. per cent 1 " .. 
Klong. per rent 4" . 

29.3 

26.7 
20 9 







deduction of area 









per cent. 

43 8 








Mod. of Elas. 

Ft. lb. Energy. 

Sclcreacope . 

2717()0(K), 




11713000 

22.8 

48 


Brinnell . 

W dcKrecB rev. btfnd . 
Min. diam. over which 
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3-4 

can bend 180° with- 








4 



__ 

_ 

_ 


__ 

_ 



•Made on impact apecimens. 
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Tliis steel has been successfully used for the following: rails; valves; 
cooking utensils; vault j)lates and hinges; annealing boxes; flue dampers; 
rivet iicating furnaces; instruments of low magnetism; corrosive organic 
acid containers; motor boat shafts; stainless cutlery; guu barrels; cast lead 
pots; cast cyanide pots; castings; rust ri'sisting wires; electrical resistances 
wires; hardening trays. 


PHYSICAL PROPERTIES OF PLATINUM 

Specific gravity; 21.4 (Average of various determinations). 

Melting-point: 1753° Cl. (U. S. Burciiu of Standards). 

Boiling-point: About 265t)° Cl. Clan be distilled in electric furnace. 

Electric conckictivity; 13.4 at ° C. (Silver = 100). 

Tensile strength: 32,000 lbs. per sq. in. for annealed wire. 

45,000 lbs. per sq. in. cast. 

Hardness (Mohs' vScalc): 4.3. 

Specific heat: 0.032 at about 15° C., 0.046 at melting-point. 

Latent heat of fusion: 27.18 (Richards). 

Coelhcicnt of linear exfxmsion: O.tlOOobOO per degree C. (Less than that of 
any other cmninon clement.) 

Ductility: The metals range in this order: W, Au, Ag, Pt, Fe, Ni, Cu, Al, Zn. 
Malleability: Leavt\s of platinum have been obtained as tliin as 0.000025 cm. 
Heat conductivity: 0.19 from 10° to 97° C. 

Weight in poun'ls of a cubic foot: 1335.4 1b. 


PHYSICAL PROPERTIES OF VITREOSIL (FUSED SILICA) 


Critical Temperatures.— The molting point of vitreosil is 1750° C., its 
softening point 1400° Cl. and the devitrification point about 1100° C., the 
latter depending somewhat on the surrounding atmosphere. 

Thermal Expansion.— One of the most valuable of the many unusual char¬ 
acteristics of vitreosil is its extremely small expansion and contraction with 
variations of temperature, its linear exi)an.s:on r)f .0000()(*54 per degree Centi¬ 
grade being the smallest of any known niatCTi.il. d'ho following table shows 
a comparison with other well-known snbslaiiccs: 


Miktcrijil 

Fused silica. 

Nickel Steel (36% Ni) 

Glass, Jena 59.... 

Glass, Pyrex 7o2 EJ . . 
Berlin Porcelain. 


I.imtar expanflion 
per <logrco Ccnlii^raije 

.. , ()00()()()54 
.. .0000009 
., .0000057 
.. .0000035 
.. ,0000028 


Weight. —Tlio spccilic gravity of transparent vitreosil is approximately 
2.22 and of the non-transparent material aliout 2.07. 

Electrical Characteristics. —InvcstigatioiKS by the Bureau of Standards and 
the National Bhysieal Laboratory show the superiority of fused silica as an 
electrical insulator compared with glass, porcelain and similar mattrials, the 
resistance decreasing mnrh more slowly with rise of temperature, while the 
higher melting point of fused silica permits its employment at temperatures 
where the use of glass and porcelain is out of the question. According to 
Bureau of Standards Scientific Paper No. 234, hard rubber, mica, porcelain 
and glass have much smaller volume resistivities than fused quartz, even at 
room temperature. The dielectric strength of vitreosil is also very high. 
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A LIST OF ALLOYS* 

BRASSES 


Admiralty, A. 

Aitch Metal. 

Aluminum Brass. 

Anvil Brass. 

Arko. 

Augsburg. 

Austrian Journal B(»x.... 

Bath Metal. 

RathMetal. 

Battery Coi>iH‘r. 

Bell Brass. 

Belt Lace. 

Best Bronze. 

Binding Brass. 

Birmineham IMalina. . 

Bismutn Brass. .. 

Blau Gold. 

Block Brass. 

Bobierre Metal. 

Bobierre Metal. 

Bow Wire. 

Brazing Metal, F. 

Brazing Br;iss. 

Bright Cap Gihling. 

Bristol. 

Bristol. 

Bristol. 

Bronze Powder. 

Brush Wire. 

Buckle Brass. 

r^ullet Brass. 

Burr Brass. 

Burr Metal. 

Butt Brass. 

Butt Brass. 

Button Brass. 

Button Metal. 

Button Metal, Lu<lcnsheidi 
Buttons ('riiurstoii); 

Bristol Alloy. 

Bristol Alloy. 

Jackson’s Alloy. 

Jackson’s Allov. 

^’Bidcry”. 

■‘Gold;’. 

Cap Gilding. 

Cartridge Brass. 

Cartridge Brass. 

Cartridge Brass. 

Cartridge Gilding. 

Chamet Bronze. 

Check Brass. 

Chrysokalk. 

Chrysokalk. 

Chrysorin.. 

Chrysorin. 

{'nrysoriii. 

Clinching Screw Wire. 

Clock Brass. 

Collet Brass. 

Commercial Bronze. 

Commercial Bras.s, B-r. 

Commercial Castings, B-c . 

Common Brass... 

Cuivre Poli . 

Cymbal Metal. 

Delatot’s Metal. 

Delta Metal. 

Delta Krupp. 


1 

Zn 

s„ 

1 

I'e 

r ■ .. 

Other Klcmcnts 

1 70. 

29, 

1 I. 

1 


i 

m. 

38.2 



• 1.5 

j 

\ 6-1 

.33.3 

: * 

1 Al,.3 3; Si, 0 3 

62..S0 

37.,50 

i 1 ! 


1 80. 

20. 


.:. . 

1 71.0 

1 27.6 

1 


I 9.>.5 


1 1 


.S.'S. 

: 45. i 

; 



8,1 

1 17. j 

i. 



61.00 

6.<K) 




61.2.S 

,<5 <K) 

0.75 


. 

6.^00 

■ .3800 ' 

! i 


i 60.00 

' 10.00 , 



1 6.^.2S 


1.7,5 1 


! 46.6 

53.15 


0.25 


! 47. 

21. 1, 

1 

N'i..iO'h Di.cj.l 

1 77. 

.23, 

; 

: 66.50 


1 .50 . 


1 66. 

,ii. ! ,, 



,58.2 

41.7 ! 



! 6.100 

200 

5.00 

. 


1 85. 

15, , . . . 



! 75.00 

25.(M) 



1 86.75 

6.87 . 




' 75,7 

24,3 1, . . . 




1 67.2 

3.18 '. 




, 60.8 

36,2 . 







64. >5 

35. 

0.75 



65.00 

35. 





60, 

6, 


1. 



6.100 

38.00 


.... 


. 

oo.oo 

lO.(H) 





65.50 

33.,50 


1. '. 


6-150 

35..SO 


1. j - • . 



U).(K) 


.... 1 . . . , 


I.S. 

57. . , 



' 20, 

. 

■ '■ 'i. 

. . 


i 57.6 

36.8 

5..3 




61.12 

36.11 

2.77 




,10.,S,1 

5,55 





35.tO 

1.36 




j 48,50 

33.3^ 


12.15 





















68.00 

•i'.OU 





70.00 

.3000 






7.00 






38. 






38. 


. 




7 6 


1.6 

1 

58.7 

40.2 


l.l 




28. 



. 


66.7 

3 3.3 





6.13 

36.7 



. 



26.50 


1,50 




35.75 


t.75 




36-50 


2.50 




10.00 





6.3. 

.37. 






30. 

6. 

2. 




35. 





70. 

30. 












18. 





55.1 

43.5 


0.37 

1.08 

P. 6.1 

55.94 

41.61 


0.72 

0.87 

Mn,0.81; P, 0.013 


• William Campbell in Proc. Am. Soc. Testing Materials, 
authors. 


1922, with certain adtliiions by the 
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A LIST OP ALLOYS (Continued) 

BRASSES (Continued) 



c. 

Zn 

Sn 

Ph 

i'c 

Other Elements 


55.8 

40.07 






55.82 

41.41 


0.76 




54.22 

42.25 




Mnl 1.0<> 


ys.oo 

2.00 

3. 




66.66 

33.34 






65. 

35. 






63. 

35. 


2.00 




88, 

9.50 

2.50 





70. 

30. 






66.67 

33.33 





Drill Rod. 

62. 

35.50 


2..so 




65. 

30. 




Al. I.S 

Dutch Metal. 

76. 

24. 





84. 

13. 

3. 





70.3 

29.3 

0.17 





66. 

33. 


1.00 




64.so 

35.07 






68. 

32. 






65. 

35. 






61.50 

.)7,00 


1..S0 




65.75 

32.75 




. 


87.50 

12 00 

0..S0 



, 


46.5 

53.5 




... 


60. 

40. 




. 


57. 

43. 






.S.).5 

42. 







15. 






80. 

20. 


. 




88,.SO 

10.00 

. 

. 

I..SO 




60. 

38.5 



1.5 



84. 

16. 







34-20 







33.7 


0.2 




64.8 

32.8 

2.0 

0.4 




78. 

22, 






70. 

30. 






56. 

44. 






61.5 

32. 

6.5 





61.4 

28.9 

9.7 





66.7 







87. 

13. 






88. 

12. 






88. 

9.50 

1.50 

i.oo 




55.7 

42.7 

0.97 


0.58 



57. 

40. 


0.4 

1.8 



.55.7 

41.2 

0.5 

0.46 


AI,0.86 


70. 

30. 





72.27 

27.58 






61. 

37. 

, 

2.00 




6.V7 

33.5 

2.5 

0.3 




O1..S0 

6.50 

2.00 





90. 

10. 






«.v 

17. 






88. 

11.25 

6.75 


. 



87..SO 

12. 

0.50 





91. 

7.50 

1,50 





84. 

15. 


1.66 




73. 

25. 


2.00 

. 



88..SO 

10.00 


1.50 




80.00 

20.00 






83. 

16. 

1. 


. 



25.4 

74.6 






69.5 

29.5 


. 



Manganese Brass. 

60.15 

34.76 

0.94 

0..39 

1.19 

Mil, 2.34; Al,0.2 


55.4 

39.96 



1.6 



SS.O 

39,5 



0.7 

Mni4.3; Al, 0.5 


54.2 

38.2 



2.4 



85. 

2.0 



1.83 

Mn, 10 91 


80. 

5. 






75.5 

8. 




Mn, 16.5 


60. 

15. 




Mn, 25 
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A LIST OF ALLOYS (Continued) 

BRASSES (Continued) 



Cu 

Zn 

i Sn 

1 ... 

Pb 

Fe 

1 Other Klcments 

Mn N1 Brass. 

65. 

5. 

! 


! Mn, 20,; Ni, 10. 

1 Mn.3; Ni, 18 

Mn, 3.24; Ni,2.14 
Mn,4.15; Ni,2.2: Al,0.25 
Mn, 1.52; Ni,2.35 

Mn Ni Brass. 

59. 

20. 

.1. 



6.3.5 

51.15 

28.28 

40. 

1.22 

{ 0.17 

1.44 

2.25 

2.78 

Mn Ni Brass. 


53.5 

39. 

30.7 

.07 

1. 

i. 

Mn-Bron/^, Rolled. Ma-r... 
Mn-Bronze, Cast, Mn-c..,. 

59. 

I 

58. 

40. 

1 


Mn, 2. 

Ni, 2,5; Mn, 1.7; Al, 0.2 

Man^anin. 

5J.4 


2.66 

0.62 

1 


Manheim (iold. 

89.4 

9.92 

1 


Manheim (Jold. 

83.7 


7. 



5 per cent of Phos. Tin 

Manheim GoUl. 

88. 

12. 

1. 


Manheim Gold. 

80. 

20. 


.,. 


Market Brass. 

65. 

35. 




Matrix Brass. 

62. 

36.50 


1.50 



Medal Metal. 

84.00 

16.00 




Mosaic Gold. 

6J. 

35. 





Muntz Metal. 

60. 

40, 





Naval Brass, N-c. 

61. 

38. 

1. 




Neustadt, Drawn. 

71.5 

28.5 





Nickel Brass. 

54.1 

43.66 




Ni, 1.5 

Oker, Cast. 

71.9 

24.4 



2.32 

Okcr Brass (Harz). 

64.24 

37.27 

0.59 

0.12 


Optical Bronze. 

89.00 

6.50 

4.50 




87.25 

90 

11.50 

10. 

1.25 




Oroide. 




Oreide. 

85.5 

14.5 





Orelde. 

80.5 

14.5 


0.1 



Oreide, Brunswick. 

68.21 

31.52 

0.48 






0.94 

2,00 

0.39 

1.19 

Mn,2..G; Al,0.23 

Ben Metal.. 

85.00 

13.00 

Percussion Ca/> *. 

95.00 

5.00 




Pewter (Thurst’<^n): 

Berthier’s Alloy. 

71.9 

24.9 

1.2 




Cast and worked. 

64.2 

31.6 

0.2 

2.0 


. 

Cast and worked. 

61.6 

35.3 

0.6 

2.5 


. 

Cast gilt.. 

63,7 

33.5 

2.5 

0.3 



Cast gilt... . 

645 

32.4 

0.2 

2.9 



For clock work. 

60.66 

36.88 

1.35 

0.74 



For flock work. 

60.06 

31.46 

1.43 

0.88 



Pinchbeck . 

93.6 

6.4 



Pinchbeck.. 

88.8 

11.2 


. ... . 



83.33 

16.76 




Pin Wire.... . 

61.00 

39.00 





Platine. 

43. 

57. 





Potinjaune. 

71.9 

24.9 

1.2 

2.0 



Primer Gilding. 

97 (K) 

3.00 





l*rince’s Metal. 

83. 

17. 





Prince’s Metal. 

75. 

25. 





Prince’s Metivl. 

60.8 

29.2 





Reed Bniss. 

69.00 

30.00 

i.oo 




Rich Gold Metal. 

90.00 

10.00 





Rich Low Brass. 

85.00 

15.00 





Rule Brass. 

62.50 

35.(X) 


2.so 




55. 

40. 




5 percent of AI-Fc-Mii-NI 
.Alloy 

5 jjerceut of Al-Fc-Mn-N 
Alhiy and 4 per cent of 
I'erni Mn 


51. 

40. 




Russian, Cast. 

78. 

21. 

1. 




70. 

30. 






66.6 

33.4 



1 


58.00 

41.00 

0,75 

0.25 




93.50 

5.00 

l.(K) 

0.50 




78. 

16. 

4..5 

1.5 




62.00 

38.00 






60.00 

40. ! 






61,50 

38.50 






57. 

43. 



1 



50. 

50. 



1 


Solder. White.. 

40. 

60. 

.1 
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A LIST OF ALLOYS (Continued) 

(BRASSES CoQtiaued) 



Ctt 

Zn 

Solder (Thurston): 



Yellow, Hard. 

53.30 

43.10 

Nearly White, Soft. 

44. 

49.90 

White, Very Soft. 

57.44 

27.98 

Sheet: 



Stollberg. •. 

64.8 

32.8 

Jamappes. 

64.6 

33.7 

Rosthorn*Wilii. 

68.1 

31.9 

Oker I. 

69. 

29.5 

Oker. 

55. 

44.5 

Iserlohn. 

70.1 

29.9 

Romilly.. 

70.1 

29.26 

China. 

56.6 

38.2 

Japan. 

66.6 

33.4 

Uegcrmuhl. 

72.16 

27.45 

Hegermuhl. 

72. 

27. 

Hegermuhl. 

62. 

37. 

Hegermuhl. 

62. 

37. 

Shell Head Brass. 

75.00 

25.00 

Shoe Nail Brass. 

63.00 

37.00 

Shoe Tip Metal. 

88.00 

12.00 

Similor. 

89.4 

9.93 

Similor. 

83.7 

9.3 

Similor. 

80. 

20. 

Spring Brass. 

72.00 

28.00 

Sprbg Brass. 

66.67 

33.33 

Sterro Metal. 

60. 

38.2 


55. 


Sterro Metal. 

55.5 

42. 

Sterro Metal. 

55.3 

41.8 

Sterling. 

66.2 

33.1 

Stirling, Cast. 

66.2 

33.11 

Talmi Cold. 

90. 

8.92 

Talmi (folil. 

86.4 

1 12.2 

Thurston’s. 

55. 

44.5 

Tissier’s. 

97. 

: 2.0 

Tissier’s. 

97. 

2.0 

Tobin Bronze. 

60. 

1 38. 

Tobin Bronze. 

59. 

39. 

Tombac: 



Oker. 

85.3 

14.7 

Arcet. 

82.3 

17.7 

Ludcnschcidt. 

82.3 

i 17.5 

Red Vienna. 

97.8 

2.2 

Sheet, Paris. 

92. 

8. 

Sheet, Paris. 

88. 

12. 

Sheet, Paris. 

84. 

16. 

Colden. 

82. 

17.5 

French. 

80. 

17. 

French. 

80. 

20. 

Cast. 

87. 

13. 

Common. 

71.5 

28.5 

Toumay’s. 

82.54 

17.46 

Tubes, etc.: 



German. 

70. 

30. 

German. 

60. 

40. 

Russian. 

66. 

34. 

Russian. 

59.72 

38.62 

English. 

65. 

35. 

Admiralty. 

70. 

29. 

55. 

41. 

Tungsten Brass (Nl.0.75)... 

59.73 

33.97 

Turbine Brass. 

75.77 

24.07 

Turbine Brass. 

67.35 

32.02 

Vanadium Bronze Vn*c. 

61. 

38.5 

Vanadium Brass. 

70. 

29.5 

Washer Brass. 

62.00 

38.00 

Wheel Brass. 

68.00 

30.00 


70.29 

29.26 

Wire, English. 

70.29 

29.36 

Wire, Augsburg. 

71.89 

27.33 

Wire, Common. 

65.4 

34.6 


Sn 

Pb 

Fe 

Other Elements 

1.30 

3.30 
14.58 

0.4 

0.2 

0.30 

1.20 







2.0 

1.4 








0.97 



0.5 






0.17 

3.3 

0,28 

1,0 



. 

1.40 



0.2 

1. 

0.5 

1. 

0.79 

. . . . 




0.5 
















6.6 

7-0 


















0.83 


1.8 

1.8 

2.5 

466 

0.7 

0.66 



. 







0.0.? 



.\u, 0.91 

1.1 

0.5 


0.3 


0.5 






.As, 1.0 

2. 




2. 




























0.5 

3. 


































0.16 

0.34 

1.1 



1.0 





0.84 

Ni,2; Al, 1.0; Mn,0.16 
Al, 2.8; W, 2.; Mn, 0.7 

0.15 



0.23 

0.38 



Va, 0.5 

Va, 0.5 








2.00 

0.28 

0.17 

0.85 



0.17 

0.28 
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A LIST OF ALLOYS (Continued) 

BRONZES 



Cu 

Zn 

Sn 

Pb 

P 

Otlicr Elements 


88.00 

10.00 


2.00 



Acid Bronze. 

82.00 

8.00 

2.00 

8.00 




84.00 

9.50 


6..30 




64.00 

5.00 




Ni, 1 


79.30 

10.00 


10.00 



50.00 





S, 0.25 


62.50 

7.50 


30.00 



81,30 

11,00 






85.00 







54. 


28.00 




Arsenic. 

79.7 

10.00 

9.50 


As! 0.8 

Bearing Bronze (Kaiser): 







74. 

10. 

9. 

7. 




81. 

15. 

1. 





80. 





Sb,2 


82. 

10. 

8. 




77. 

10.2 

5.1 

7.7 




82. 

18. 






84- 

16. 






75. 

20. 

5. 





8(). 

12. 






88. 

10. 




5 IHT cent of P Sn 

BcrJin. 

90. 

10. 




Automobile. 

88. 

8. 


3 


1 per cent of P Sn 


78. 







80. 

10 


8. 


2 per cent of P Sn 


( 83. 





83.7 

1 14.2 

2.1 





85.5 


1.7 





83. 1 


5. 


1 . 



85. ' 







74.5 i 

9.5 

«.'2 





77. 1 







8.1.7 














81. i 







78. 

7 






70. 1 

6.5 

2. 

1.5 : 









Mn, 2.7 


72.4 1 






75. 

4, 

21. ' 

, .1 




79. 






Bearings and Valves. 

80. 

16. 

1 

) 


Sb,0.2 






























71. 







73.94 

21.67 






72.52 





1'V!o. 05- Ni!2.66 














Clock.. . . 

75. 














71.43 























10.35 




64. 

24. 




Karakanc. 

62.5 

25. 

9.4 



Pc, 3.1 


61. 

18, 

6. 





97.32 



0 24 











85. 

15. 









10. 










53. 

15. 

20. 



Xi, 10.; Al, 1.; Bi, 1 



9.5 


7 1 











74. 


10. 


i 


86.2 1 

10.2 








i 
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A LIST OF ALLOYS (Continued) 

BRONZES (Coatinued) 



Cu 

Sr 

Zr 

Pb 

P 

Other Elements 


85. 

11. 

4. 





70.4 


10.2 

14.7 


Fe, 0.5 


75.4 

9.7 

14.5 



84. 

16. 






72.5 

4.7 






74. 

1.0 

10. 

15. 




88. 

10-8. 

2-6. 





85. 

11. 

4. 





95. 

4. 

1. 




(’coper’s S[)e(julum. 

57.8 

27.3 

3.6 



As, 1.2; Pt, 10. 


77.8 

9.6 



0.8 



77. 

10.5 


12.5 




76.4 

10.6 


12.5 




76. 

3. 


1, 




77. 

8. 


15. 




77. 

10.5 


12.5 




79.7 

10. 


9.6 

0.8 



65. 

2. 

30. 



Al, 1.5; Fc, 1.5 


62. 

10. 

10. 

18. 



63.3 

32.2 




As, 1.6 


69.8 

25.1 

2.6 



As, 2.4 


82.5 

8.55 

4.45 



Fei 3.95 


94.1 

5.9 






84. 

14. 

2. 





64.4 

18. 

10. 

7.6 




64.4 

18. 

10. 

7.6 




62. 

20. 

10. 

8. 




73. 

19. 

8. 

8. 




61.5 

31. 


8.5 




51. 

28.5 

7. 

7. 




92.4 

2.5 

5.05 





94.35 







91.3 

8.7 







10. 



2. 



85. 

13. 

2. 













10. 





90.1 

9.9 











90.9 

9.1 



, 


89.3 

10.7 






91.74 

8.26 






90.8 

9.2 






88.61 

10.7 




Fc, 0.69 









77.18 

3.42 

5.02 

13.22 




93.19 

5.43 




^•e, 1.38 


71,16 


27.36 



I'c, 1.40 


93.2 

5.05 




l-v:!,?.! 


95.2 

4.31 





Turkish. 1907. 

90.9 

8.8 




Fc,0..> 



3. 

17. 





75.8 

9.2 

15. 












85.5 

10. 

2. 



Al. 2.5 



2.7 


1.3 



83.0 

10.8 

6.0 

0.1 





13. 

5. 





82.1 

12.8 

5.1 












78. 

12. 

10. 






10. 



. 


Kuhne Phosphor Bronze.... 

78. 

10.6 


10.45 

0.57 

Ni,0.26 


83. 

15. 

1.5 

0.5 




80. 

18. 

2. 






14. 

2. 





88. 

10. 

2. 





83. 

15. 

1.5 

0.5 





1.96 
















5.5 

0.5 
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A LIST OF ALLOYS (Continued) 

BRONZES (Continued) 


Loderig’s Speculum. 

Medal. 

^cdal. 

McKechtiie's. 

Manheiin (iold. 

Manganese Bronze. 

Manganese lironzc. 

Madge’s Speculum . 

Needle. 

Nongran. 

Ncogeti. 

Naval (iun Metal, (>. 

Naval Journal, H. 

Naval Journal, HX. 

Naval Valve, M. 

Naval Phosphor, Cast, Pc.. . 
Naval 1‘hosphor, Rolled, P-r. 

Oil Cups. 

Oil Pump. 

Ounce Metal. 

Ormulu.. 

Ormulu, small.. 

Ormulu, large.. 

Perking Brass. 

Perking Jtrass. 

Phosphor Bronze; 

Wire. 

Hard. 

VV-ry Hard. 

Rolling. 

Charpy. 

Charpy. 

Law. 

Law. 

Bridge. 

Bridge. 

Bearings. 

Bushings.. 

Gears. 

(tears . 

(tears. 

English. 

Pcimsylvana iRailroad . ... 
Pennsylvania Railroad” B ” 
Pennsylvania Railroa<i' ‘ B 
Pennsylvania RaiIroa<l‘ ‘ B ’’ 

Russian. 

Piston Rings. 

Piston. 

Railroad (Hughc.s); 

•Slide Valves. 

Injcclor.... 

Phosphor Bronze. 

Axle Box Bearing. 

20-Ton Wagon. 

Railroad (Thurston): 

Axle Bearings, Prench — 
Axle Bearings, Common 

I’rench. 

Axle Bearings, Lafond .. 

Axle Bearings, Hard. 

Eccentric Strap, Dutch... 
Eccentric Strap, Lafond,. 

Gearing. 

Locomotive Bearings.... 

l/ocomotive, German. 

Locomotive, Durable. . . . 

Pistons and Rods. 

Richardson’s .Speculum. 

Roman Bronze. 

Ros-s’ Alloy. 


Cu 


69. 

92. 

97. 

57. 

83.7 
82. 

8.3.5 
68.82 

84.5 

87. 

58. 

88 . 

8.3. 
83. 

87. 

88. 
95. 
85. 

83. 
85. 
58. 
94.12 
W.5 

76.2 
80. 

98.75 

92.8 

80 . 

95.6 

85.7 

84.8 

87.6 

88.7 
80. 
85. 

8.3. 

79. 
88 . 
85. 
78. 

79.2 

79.7 

76.8 
85.,55 

80. 
93.7 

84. 

83. 

84.5 

84. 

88.5 
80. 
60. 

82. 


80. 

87.05 

85.25 

84. 

88.8 

89. 
81.17 
73..5 

74.1 
65.3 

90. 

68.2 


Sn 


28.7 

8 . 

1 . 

41. 

7. 

8. 

8 . 

31.18 

8. 

11. 

2. 

lo! 

13.5 

13.5 

7. 

8. 

4.5 
5. 

.3. 

5. 

16.7 
5.K8 

6.5 

23.8 
19.82 

1.2 

9 ! 

4.5 
12.2 
1.3.4 

10.8 

9.5 
20 . 

15. 

14. 

10 . 

10 . 

13. 

12 . 
10.2 
10. 

8. 

9.85 

8. 

5.8 

2.9 

1. 

10 . 

8.5 

10 . 

5. 

5. 

10 . 

20 . 

18. 

7.88 

12.75 

14. 
8.5 
2.4 


/u i Ph 


P 


Other Eieniciils 


9.3 

5. 

5. 


0,5 . I !•>, 1. 

. .I 5 per cent of Phos. Tin 

3. . Alti,2.() 

3. i. ; Mil, (1.5 


5.5 

>_ 

2. 


27. 


2. 


3.5 



3,5 . 

6. 


2.5 

... . 0.5 ■ 


.. 0.5 : 

7. 


9. 

. ■ 3, 

5, 

5 

23.3 

. 


i Ni. 12.; AI.O.S; Bi,0 


3,0 

'o!i4 


(I 46 
1 O 




1 0,2 . 


. 

I, . , . . 

2. 


1. 

0,7 




O.l 

. 

2. 


0,1 



7 5 

0.1 



9,6 

0 97 



9.5 

O.H 



15, 

0.2 


\C77 ' 

0.62 

10. 

0,05 

2 juir cent of Phos Tin 

0.34 

8 3 

10. 

0.17 

"i.-i 




- 

0.5 


5. 

2.5 




’0.5 



■ l.V. 



20. 



9.5 

3.7 

30. 


2 . 

5.07 

2.0 

2.0 


15.2 
9.5 

22.2 


14.6 

7.5 


Pe,0.8 
Ic, 0.9 
1- e. 0.5 


-As, 2.0. Si, 
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A LIST OF ALLOYS (Continued) 


BRONZES (Continued) 



Cu 

Sn 

Zn 

Pb 

P 

Other Elements 

Sallit’s Speculum. 

64,6 

31.5 





Sheet Bronze. 

90. 

10. 



, 


Sheet Phosphor. 

94,5 

5.0 





Sheet Phosphor. 

95. 

4. 




1.0 per cent of Phos. Tin 

Siushchain. 

92. 

8. 




Sashchain. 

95. 

5. 





Screw-Nirt. 

86. 

11.4 

2,3 




Slide Valve. 

88..S 

2.5 

9. 




Steam Fittinjfs,... 

88. 

8, 

2. 

2. 



Silicon Bronze. 

98..S5 






Silic»)n Bronze. 

91. 





Si,0.()5 

Statuary Bronze: 






Column Vtndoinc. 

89.2 

10.2 

0.5 

0.1 



Column of July, Paris. 

91.4 

1 6 

.5.6 

1.4 



Napoleon I, Paris. 

7.S.0 

.1.0 

20. 

2.0 



Henry IV, Paris. 

89.62 

5.7 

4,2 

0.48 



Louis XIV, Paris (lOW)... 

91.4 

1.7 

.S.S.! 

1.37 



The Shepherd, Potsdam... 

88.68 

9.2 

1.28 

0.77 



Bacchus, Potsdam. 

89..H 

7 5 

1.63 

1.21 



Cermanicus, Potsdam (1820) 

89.78 

6.16 

2.35 

1.33 


Ni,0.27 

Mars and Venu.s, Munich., 

94.12 

4.77 

0,3 

0.67 


Ni,0.48 

Bavaria, Munich. 

01..^.*) 

1.77 

5.5 

1.3 



Munich. 

92.88 



2..U 



Munich. 

77,0.1 

0 91 

19.12 

2.29 

0.12 

Ni, 0.43 


89.4.1 

8,17 











Ni,0.7l 

(irosser Kurfilrst, Berlin . 

80,00 

5.82 

1.64 

2.62 

0.1.1 

Frederick the Great, Berlin. 

H8..1 

1.1 

9.5 

0.7 



Melanchron, Wittenberc. . 

89..1.S 

2.99 

7.45 





68.2.S 

.11,75 





Speculum, EnKlish. 

66.6 

.1.1.4 







10.7 




Sb, 8.5 







Pb.9.1; Sb, 8 


86. 

14. 





86. 






Seraing Piston Rings. 

89. 


9. 




Stephenson, Loctxinotive Boar- 








79,5 

7.5 

5.0 

8.0 











89. 

!I. 






80. 

5. 

7.5 

7.5 




90. 





VV, 10. 


89. 






Uchatius Bronze. 

92. 

s: 






65. 







85. 







89. 

5. 

3. 

3. 




8 .1. 


7. 





88. 

10, 






90. 







80. 

18. 






81. 

16. 

2. 





80. 

18. 




Sb, 2,0 

Wire. 

98.75 

1.2 



n.d.s 



COPPER-NICKEL ALLOYS 



Cu 

Ni 


97. 

3. 

Driving Bands, Sheet. 

95. 

86 84 

5. 

14 -16 


80. 

20. 


81-79 

19-21 


80. 

20. 


79-81 

21-19 


75. 

25. 


60. 

40. 


54. 

45. 


50. 

SO. 


28. 

68. 

Monel Metal, forged. 

28. 

68. 


Other Elements 


Ft*, 0.75 max. 


Mn, 1.0 

’Fc) 2.; SiVi.; Mn, 0,25 
Fe, 2.; Mn, 1.5; Si, 0.20 
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A LIST OF ALLOYS (Continued) 


NICKEL SILVER 

(Agiroide, Alfcnide, Argentan, Arguzoid, Argyrolith, Electrum, NcusillXrg, Nickclia, Mailk- 
chort, Paickfong, Sterlin, Tutenag, White Copper, etc.) 



Cu 

Zn 

Ni 

Fc 

Sil 

Pb 

Other Elements 

Albatra Metal. 

57.5 

22.5 

18.75 



1.25 


Ambrac. 

74.5 

5.0 

20.0 




Mn, 0 50 

Argentan: 







Sheet. 

40-d5 

17-32 

15-20 





Chinese. 

40.4 

25.4 

31.6 

2.6 




I'rcnch. 

50.32 

.10.94 

18.4 





Berlin. 

55.5 

29.1 

15.5 





Vienna. 

55.6 

21.8 

22.2 

0.38 




tnglish. 

6.3..36 

17.01 

19.13 

0.38 




Russian. 

63.S» 

17.58 

17.58 

0.3.3 




Castings, Berlin. 

48.32 

2.3.8 

24.15 

3.61 




Castings, Russian. 

57..‘?2 

18.94 

20.35 

3.15 




Solder. 

35. 

57. 

8 . 





Alpakka. 

6.cy4 

19.24 

14.55 

0.4 

0.12 

0.03 


Aluminum Silver. 

57. 

20 . 

20 . 





American Silver, Cast.... 

4y..?6 

20.7 

24.2 

1,3 

0.45 



American Silver, Cast_ 

57.7 

24.2 

15.3 

0.6 




American Silver, Cast.... 

50,11 

22.66 

11.22 





Aphit. 

70. 

5.5 

20 . 




C<l, 4..5 

Aphit. 

75.1 

2.37 

20,75 





Arguzoid. 

55.78 

2.3.2 

13.4 


4.03 

3.54 


Aterite, Cast. 

66.75 

17,25 

13.92 






67.76 

19.97 






Aterite, Rolled. 

-16.06 

38. 

10.82 

19 



Mn' 2.24 

Benedict Plate. 

57. 

28. 

1,3. 

. 



Back Case Metal. 

62. 

20 . 

18. 





Bismuth Bronze. 

45. 

21.5 

32.5 





Bismuth Bronze. 

53. 

20 . 

10 . 





Bismuth Brass. 

47. 

21 . 

.30.9 





Bismuth Brass. 

52. 

12 . 

30. 




Hi. 1. 

Brazing Solder. 

35. 

57. 

8 . 




Brazing Solder. 

45. 

45. 

10 . 





Carbondale. 

66 . 

16, 

18. 






.55,8 

23.7 

13.4 





Casting. 

69.9 

.5 6 

19.8 




Cd, 4.7 

Colorado Metal. 

57. 

18. 

>5. 





(.hrisiofle Metal. 

(Silver 

-plated 

[Icrrnaii 

Stiver 





66.7 

12.1 

15.2 





Cupping ami Milling. 

58, 

21.5 

20 . 



0.5 


Drawing and Spirming.. . 

.58.66 

29.33 

12 . 





English. 

81,3 

19.1 

I9.I 





Eighteen Per Cent. 

65. 

17. 

18. 





Electrum. 

51.61 

22.58 

25.81 





Fifteen Per Cent. 

56.66 

28.33 

15. 





Fourteen Per Cent. 

60. 

26. 

14. 





Fourteen Per Cent. 

56. 

28. 

14. 






53. 

26. 

21. 





Frick’s Alloys. 

55 -50 

31-30 

19-17 





Bluish-Yellow. Hard... 

55.50 

39.00 

5.50 





Pale Yellow, Ductile... 

62..50 

31.20 

6.30 





Fricke’s Silvery. 

50^00 

18.80 

31.20 





Fricke’s Harder. 

69.00 

.30.00 

10.00 





German Silvers: 









46. 

34. ■ 

20 . 





Common Formula. 

55. 

25. 

20 . 





Austrian Tableware 









50.00 

25.00 

25.00 





Austrian Tableware 









55.60 

22.20 

22.20 





Austrian Malleable 









60.00 

20.00 

20.(X) 






54. 

28. 

18. 






52.00 

26.00 

22.00 






5Q.00 

30.00 

11.00 






63.00 

31.(K) 

6.00 





Birmingham (Hiorns): 









50. 

20 . 

.30, 





White Metal. 

54. 


24. 
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A LIST OF ALLOYS (Continued) 

NICKEL SILVER (Continued) 



Cu 

Zn 

Ni 

Fe 

Sn 

Pb 

Other Klements 

German Silvers {Cont.t 








Birminsham {Von(.) 








Arguzoitl. 

48.5 

31. 

20.5 





Best Best. 

50. 

29. 

21 . 





Siiecial 1‘iisis. 

56. 

27. 

17. 





i'irSI Bests. 

56. 

28. 

16. 





Seconds. 

62. 

24. 

14. 





Thirds. 

.56. 

32. 

12 . 





Special Thirds . 

.56.5 

32.5 

11 . 





Fourths. 

55. 

35. 

10 . 





Fifllis, (or Plate .. . 

57. 

36. 

7. 





French Alloy (Arcet)... 

50.00 

31.30 

18.70 





French Alloy (Arect). -, 

50.tX) 

30,00 

20.00 




. 

French Alloy ((.'haval). 

58..X) 

25.00 

16.70 





Russian. 

.56.2 

23.36 

20.4 




. 

Russian. 

.51.4 

22.32 

26.22 


I 

. 

Russian. 

46.1 

18. 

35.8 




ShefTield: 








(a>mmon, Yellow.... 

59-30 

25.90 

14.80 





Silver, White. 

55.20 

24.10 

20.70 



KIcetrum, Bluish_ 

51.60 

22.60 

25.80 



Hard Alloy. 

45.70 

20.00 

31.30 




Key Stock. 

60. 

26. 

12 . 



) 


Kev SttK;k. 

65. 

22 . 

12 . 





Knife Bolsters. 

68 . 

16.50 

15. 



0.5 


Knife Bolsters. 

56- 

28. 

16. 





Maillechort, Paris. 

66.24 

13.42 

13.42 

3,21 

0.22 

0.15 


Maillccliort, \ iciui;i . 

66.6 

13.6 

19.3 

0.48 




Maillechort. 

65.4 

13.4 

16.8 

3.4 




Mangan-Ncusilhcr. 

59. 

20 . 

18. 




Mil 3 

Mangan-Neusilhcr. 

65. 

5. 

10 . 




.Mn! 20. 

Miingan-Neusilber . . 

72.25 

8.75 

16.57 



Mn, 2.43 

Milling. 

56. 

31. 

12 . 


1 


Milling. 

56,5 

28. 

15. 


0.5 


Milling. 

56. 

27.5 

16. 


()..7 


Milling. 

54. 

27.5 

18. 



0.5 


Naubuc Knife Stock. 

.58. 

16.25 

25. 

0,75 





58.0 

27. 

12 . 



. 

Bi,0.5: Al,0.5 

N'ickcl Bronze. 

60. 

12 . 

20 . 





47. 




10 . 




47. 


30 9 



Bi.d.l 


50. 

18. 

12 . 





61,5 

10,95 

1(1.35 






50.00 

34.9 

15. 






50. 


25. 


2 .S. 




55.3 

13.1 

31.07 






65.50 

32.66 

2 . 






64. 

32. 

4. 





Nickel Oreide. 

63.33 

31.66 

S. 





Nickel Oreide. 

86 .t>6 

6.66 

6.66 






63.33 

30.66 

6 . 





54. 

28. 

18. 





55. 

27. 

18. 





40.4 

25.4 

31.6 

2.6 




26.3 

36.8 

36.8 






43,8 

15.6 

40.6 






54.00 

20.40 

24.77 

0.47 





60. 

24. 

14. 






56.50 

25.50 

18. 






52. 

18. 

25. 

5. 





49. 

39. 

12 . 






45. 

S.S 

.32.5 


16. 


•Bi, 1. 


67.93 

15.84 

6.52 




.Mn,6.8: AI,0.13 


58. 

24. 

18. 





59.50 

22.50 

18. 






57. 

24. 

19. 






63.34 

17.01 

19.13 





Sheffield. 

62.63 

26.65 

10.85 



0.2 


Sheffield. 

54.7 

37.2 

17.1 






57.4 

26.5 

13.0 



3.0 


Smitter-Lenian.. 

72. 

9.75 

12.75 

2 . 

2.25 


Bi.l. 
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A LIST OF ALLOYS (Continued) 

NICKEL SaVER (Continued) 


Spoons, Forks, etc. 

60. 

22 . 

Sterlin. 

68.52 

12.34 

Sterline. 

68 . 

13.25 

Suhler While Copper.. ,. 

40.4 

25.4 

Ten Per Cent. 

56. 

34. 


60. 

30. 

Ten Per Cent. 

62. 

28. 

Tuc-Tur, Rod. 

61.2 

20.9 

Tuc-Tur, Sheet. 

58.6 

28.5 

Turbine Bushing. 

61.5 

10.95 

■Putenag. 

43.8 

40.6 

Tulenag. 

45.7 

36.96 




Toiicas. 

.15.75 

7.14 

Tungsten Bniss. 

60. 

22 . 

rurning. 

58.50 

29.00 

Turning.. 

65. 

22 . 

Twenty Per Cent. 

53.33 

26.66 

Twentv Per Cent . 

57. 

23. 

Twenty Per Cent. 

62. 

18. 

Twenty Per Cent. 

64. 

16. 

Twenty-one Per Cent.... 

57. 

22 . 

Twenty one Per (^ent . .. 

59. 

20 . 

Thirty Per C’t tu. 

46.66 

23.33 

Thirty Per (,’ent. 

5'4. 

16. 

Victor Metal. 

49 94 

.34 27 

Viennese Shed. 

60. 

20 . 

Viennese Orn.iments. 

55. 

25. 

Viennese Tableware. 

50. 

25. 

Wagner’s Formula. 

50.66 

I9..31 

Watch-case BezeU. 

60. 

24. 

Watch case Bczl4s. 

63. 

21. 

Wessels Silver. 

51. 

17. 

White (Jopper. 

70. 

18. 



24.4 

23.0 

White .Alloy. 

53.0 


Ni 

I.V 

Sn 

PI) 

Other Elements 

18. 

17.88 

18. 

31.6 

10. 

10. 

10. 

17.6 

12.5 
15.35 

15.6 
17.33 
40. 
28.56 
14. 
12.00 
12. 

20. 

20. 

20. 

20. 

21. 

21. 

.30. 

30. 

15.4 

20. 

20, 

25. 

1.3.18 

16. 

16. 

32. 

12. 

24.4 
220 

. 



.. 

0.76 


0.75 




2.6 




::.i::.:.:. 

1 



0.3 

0.3 







1,9 

10.15 






. 






7.14 

7.14 

7.14 

Sb, 7.13 

W, 4. 



0-5 

1. 





















. 






■. 






0 28 


. 

AI,0.I1 



















. 



2.4 

2.0 









_ .. 


ALUMINUM BRONZES, ETC. 


Aluminum Hrass. 

Aluminum Hrass . 

Aluminum Hronae, Percy. 

Aluminum Hronzc, Percy. 

Aiumituim Silver... . 

Aluminum Iron lironze 11. 

Aluminum Iron Hronzc R. 

Aluminum Iron Hronzc S . ... 
Aluminum MaRUCsium Bronze. 
Aluminum Manganese Bronze.. 

Aluminum Nickel Bronze. 

.Aluminum Tin Bronze. 

Aluminum Titanium Bronze... 

Ampco. 

Cowles Aluminum Bronze. 

Cowles'‘A’’. Special A. 

Cowles A 1, 2, 3. 

Cowles B. 

Cowles Cl..*. 

Cowles C 2, .1. 

Cowles D. 

(awles E. 

Cupror. 

Dirigold. 

French (Fc Ni Mn). 


! 


I 


Cu 


67-71 
QO. 
86-89 
57. 
89.43 
88.16 
8.5.15 
94 5-89.5 
89.12 
85. 

85.5 

90-89 

Bal. 

88.4 
89. 

80. 

92.5 

94.5 
95. 

97.5 
98.75 
94.2 
(See O 

81.5 


3.3.3 

1.25-3.5 

10 . 

12.5-7.5 

3. 

6.97 

6.6 

9,4.^ 

5-10 

9.6 

5-10 

2.5 
9-10 
7-U 
9.74 

11 . 

10 . 

7.5 

5.5 
5. 

2.5 
1.25 
5.8 

ranium 

7. 


Fc 

Zn 

Ni 

Other Elements 


.33.66 
31.7.5 - 25 5 







■ 



Mn,0,.S-1.5; Pb, 1-2 

'3,41 
' 7 52 

i -1.74 

20 

20, 

. 




Mn, 0.5 

Pl),0..38: P, 0,09 

Mg, 0.5 

Mn, 1.2 

! 





10-5 

, 1.0 

1 3 
0.4.3 

2. 

Sn. 10. 

'Ti, trace 


. 


. 

Si, I 36 





























Bronze) 

4. 


5.5 

Mn,2. 
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A LIST OF ALLOYS (Continued) 


ALUMINUM BRONZES ETC. (Continued) 



Cu 

Al 

I'C 

Zn ,Ni 

Other Elements 


6(>. 

20. 

20 



66 5 

1 M 





68. 

10. 



Miii 18; Pb, 4. 

Fleusler’s AlloVf Max . 

61. 

1.1. 



Mn, 26. 


«5.5 

2.5 


2. 



,S4. 

2.5 

7.5 

,16. 


Immadium Bronze. 

(Manga 

nese Br 

onze wi 

til Alumin um) 


Metaline. 

.to. 

2.5. 

10. 


Co, .15. 



7-0 





07. 

.1. 





05, 

5. 





Ol.t 

8,5 


:. 



00, 

10. 





80. 

11. 


.1. 









K7..5 

10,5 


1. 

Mn, 1. 

RobcrtS'Austcn (Purple (iold) 


21.5 



Au,'78.5 

Reichs Bronze.- . 

85.15 

0,6 

7.5 


Mn, 0,5 

Secretan. 

01 -05 

0 5 



Mg, 1.5; P.O.S 

Superbronze. 

56.8 

1.2 

1..1 

.”■5 :. 

Mu,.1.2 

Superbronze... 

68.0 

5.1 

2.0 

20.0 1. 

Mn,.1.0 

'I'ensilite. 

6i. 

.1.1 

1.2 

20. 

Mn, 2.5; .Sn, 0.2 

Tensilite. 

67. 

4.4 

. 

24. 1. 

Mu, .1,8 


86.1 

10. 

0.98 


Si. 2.48 


80.7 

7.1 

0.72 

1 

Si, 2.72 



4,6 

0.80 

1 

Si, 0.08 


57. 

.1. 











COPPER-MANGANESE ALLOYS 


Cupro-Maiitjftncsc. 

Crotoritc. 

Resistance, Lunge. 

Resistance, Lunge. 

Resistance Metal. 

Manganese Copper. 

Manganese Copper. 

MatiKiincse Copper. 

Manganese Cojipcr. 

Manganese Copper. 

Manganese (’opi>er. 

Manganese Copper. 

Manganese ('opper. 

Manganese Brass. 

Manganese Brass.... 

Manganese Brass. 

Manganese Brass. 

Manganese Brass. 

Manganese Brass. 

Manganese Brass. 

Manganese Brass. 

Manganese Braas. 

High Manganese Brass: 

rons.ar(l|s. 

Bonsard’s. 

Ponsard.s. 

Cowles.. 

Cowles. 

Cowles. 

Rheotan.! 

Manganese Bronze.i 

Manganese Bronze. 

Manganese Bronze...| 

Manganese Nickel Silver. .1 


Cu 

Mn 

Fe 

[ Zn ' 

S,1 

Ni 

1 Oilier Elements 


10. 

0. 1 


! 


! 

70. 

.10. 

2. ! 





86.5 

11.7 

1,8 




i .: 









12. 

3. ' 






51,65 

0.68 




. Al, 6.25 

.56..1 

40,9 

1.5 




.Si, 1.1 

75 

25. 






75.si 

22,4 

2.15 





85. 

10.02 

1,8,1 

2.0 



(’, 0.26 

85..5,5 

10.66 



0..10 j 


PI), 0.45 

84.1.1 

10.61 

2.31 

2.1 

0.4 


Pb, 0.3 

80.7 

8.72 

I..54 





.54.2 

4.4 

2.4 

.18.2 

.1 

0.5 


.55. 

4,1 

0.7 

39.5 1 



Al, 0.5 

51.15 

4.15 

2,2.5 

40. 


2,2 

.Al,0.25 

5,1.51 , 

.1.24 

M4 

,18.28 1 

1 1.22 

2.14 


.55.4 

.1.2 

l.(ft. 

.19.9 



AI,6.2 

60.15 

2..14 

1.19 i 

34.9 

0.94 


Al,0.23; Pb,0.39 

5.1.4 

1.7 

0. 

39. 

' 2.66 

: 2,5 1 

Al, 0.2 

5.1.5 

1.53 

2.78 1 

39. 


! 2..53 ; 





29.5 






16. 

10. 





25. 


15. 




75. 

20. 


2. 




67.5 

18. 


1.1. 



Al, 1.; Si,. 05 

75 S 

' 16..5 


8. 




80. 

1 15. 


5. 





12. 


4. 





0.6 



17. 







14. j 




2.7 


5. 

6. 1 



72.5 

2.4,1 


8.75 


16.57 
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A LIST OF ALLOYS (Continued) 

COPPER-MANGANESE ALLOYS (Continued) 


Cu 


Manganese Nickel Silver. 

• Manganese Nickel Silver. 

Manganin. 

Manganin. 

Manganese Nickel. 

Manganese Nickel. 

Manganese Nickel. 

Manganese Nickel. 

Manganese Nickel. 

Manganese Nickel. 

Silvel. 

Silvel. j 67. 

Heusler’s Magnetic Al- I 

loys.! 70 

Heusler’s Magnetic Al | 

loy. max.j 61, 

Heuslcr’s Magnetic Al- * 

loy.I 66 .S 

Hcuslcr’s Magnetic .Al- I 

loy.t 6R, 

Tubes. I 66, 


65, 

(► 0 , 

86 84 
84, 
78.,l 
82.12 
7.t. 
70. 
6,^, 
51.5 


Mn 


20 . 

20 

12 . 

4. 

14.1 

I5,0> 

24. 

25. 
. 10 . 

l.\ 

6,8 

. 10 . 


Other Elements 


10 . 

10. 

2-4 

12 . 

7.6 

2.3 

3. 

5. 

5. 

16.2 


6.5 


Al,0.25; Ph,0.51 
Al, 0.13; Pb, 0.48 


Al,8-14,5 
A!, 13. 

Al, II.1 
Al, 10; PI, ,4. 


"i 


ALUMINUM ALLOYS 



Ollier Klements 


Acicnil: I 

Sheet.! Bal. 

Sheet. I llal, ' 

Sheet. I Rill. 

Cast. i Ral ; 

Cast.I 61.87' 

Aero Metal: ] 

Sheet.; Hal. : 

Sheet.' Hal, , 

(.'ust. I Hill. I 

Aluminite Ca.sl . -. .! Hiil. ] 
.Aluminum Silver 65 . 00 ! 

Hell Metal.' 83.00; 

UourlMiimes.; 48.8 j 

Hersch Hciiring, . . . i 63. 

Ounilnmin .I Hal, • 

Duralumin . Hal. : 

riurand’.s.■ 66,6 j 

Die Casting.■(8''" ^ 

Die Ciisling.i 86.131 

Fletcher and Em- | 

perer Hciiring , . . 62.2 | 

Fletcher’s Alloy . . . ' 65 5 j 

Hard Aluminum,.. I 77. 

Huron; I 

(listings A-5.... I Hal. ; 

Rolled A. i Hal. j 

Rolled B.! Hal. 

Rolled D.j Hal. 

Ingots: I j 

Ciistingll. j 88.85 1 

Casting 12.j 62. i 

Casting 21.' 60. I 

Casting 22.' 83.7 : 

Casting 31.1 80..*; ' 

Casting 32 .i 64. !, 

Casting 33 .. 81. j 


3.5 

4.0 

4.0 

6-6 

8 . 

10. 

6.3 

3. 


0.6 I 0.5 
tK6 I 0.5 

.i 0.5 


5. 

16. 

36. 

19. 


:Sri,t).25 

.Sn, 1: Sb, 05, 

' PSii,5 


'C'o.O. >5 an<l (Mil 
i St)Cd,0-5) 

(.'r, 0.1 
'Cr. 0.1 
Cr, 0.6 


,Sn, 5. 
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A LIST OF ALLOYS* (Continued) 

ALUMINUM ALLOYS (Continued) 



Ai 

Cu 

Zn 

Mn 

1 Mg 

Ni 

j Fe 

Si 

Other Elements 

InRots (Continued) 
Casting 34. 

78. 


22. 







RolIiiiR3.5. 

98.5 



1.5 






Rolling 5.5. 

94.5 

2. 1 

2. 

1.5 






Rolling 8.5. 

66.6 


33.3 







Krupp (Grosgiann) 
Bearing. 

87. 

8. 






Sn, 5. 

h-5 . 

Bal. 

2.5-3.0 

12.5-14.5 






Liberty Piston.... 

76.6 

1.06 

21.3 




0.47 


Pb.0.33; Sn,0.l2 

Lynitc: 

146. 

Bal. 

7.00-8.5 

1 





122. 

Ral. 

9.25-10.75 

.1 




i. 



109.. 

Bal. 

11.5-13.5 








Crank Case. 

Bal. 

7.8 

1.5 




1.25 1 



Body Alloy. 

Bal. 

5. 




1 



Piston. 

89. 

11. 



6.5 1 





Piston. 

95.3 

2.14 


0.07 

1.5 ' 


0.76 

0.23 


Mach’s. 

Bal. 






.Magnalium; 

Cast X. 

Bal. 

1.76 



1.6 

1.16 





Bal. 

1.75 







Cast z. 

Bal. 

0.21 



1.58 





Cast. 

85.00 




15.00 





Sheet. 

9.5. 




5. 






Bal. 


1-20 


1-10 





Magnalite. 

Bal. 

2. 



2. 

■ 2. 1 




Magnalite. 

Bal. 

2.5 

0.5 


1.3 

1.5 




Magnalite. 

93.0‘^ 

2.19 





1.10 

0.61 

0.59 


Magnalite. 

94.27 

2.47 

j 0.13 


1.17 

0.65 : 


Magiiiilite. 

! 93.5 

2.61 


1 

1.37 


0.86 

0.37 

Sn,0.I7 

Magnalite. 

93.9 

2.4 



1,50 

i;Iu 

Magnalite. 

93.2 

2.14 



1,.38 

1.25 

1..35 

0.37 


Manhanlls. 

83,33 

6.24 1 



0.05 


Maluminum. 

Bal. 

6.4 

4.8 

' 0.1 


1.4 

0.2 

Pb,0.15 

McK-inney: 

Cast. 1 

96. 

2 . 

1.5 



Forging, Soft_ 

96.5 

2 . 


! 1.0 






Forging,Hard... 

94.5 

3. 


2. 






Me Adamite. 


.3.1 

12-18 


02 





McAdams, W. A.. 

68.5 

7.7 

23.1 


O.Al 




Mc.Adams, W. A.. 

60. 

5. 

20 


1. 




McAdams, W. A.. 

70. 

3. 

26. 






Ag, 1. 

McAdams, W. A.. 

70. , 

3. 

22. 






McAdams, W. A.. 

100. 1 

5. 







'Ag,2. 

;Sn, 8.; Cd, 8.; 
Ag, 4. 

Cd, 5.; Ag, 1 
Sn,5-6 

ICo, 35. 

!P, 1-4 

Sn, 10.2; P. O.l 

McAdams, W. A.. 

80. 








McAdam.s. W. A.. 

82. 

1 

12. 








Bal. 

8.2 


0.2 



0.9 

10. 

0.3 


25. 

30. 





Bal. 

1-2 





Mock Silver. 

81.2 

5.5 






Murman’s. 

92. 


4.4 


3.6 




Murman’s. 

72. 


i 14.5 


13.5 





Navy. 

Bal. 

1.5 

1 

0.9 

; 0.4 

0.4 

0.3 



Bal. 

0.64 



Sb,2.4; Sn.O.lb; 
W, 0.8 

Parlinium. 

88.5 

7.4 

1.7 






Pistons. 

93.3 

3.39 


1.39 


1.46 



Pistons. 

93.5 

2.45 

0.28 


1.47 

1.47 

0.4 

0.4 


Platinum Substi* 

23.6 




0.72 

Bi,3.7: Au,0.7 

Romaniura. 

Bal. 

0.25 




1.75 




30. 





40. 



’ W,0.17 

Sn, 20.; Ag, 10. 

Rosenhain and Ar* 
chutt Forging 

72. 

3. 

25. 





67. 


1 33. 








BaL 

1.5 

0.5 

1-3 






Su-slni. 

Dal. 

2.5 

1.0 

1-5 






Susini. 

Bal. 

4.5 

1.5 

2-8 






T. Metal. 

Bal. 

0.1 


3.8 


0.5 

o.s 


Tiers Argent. 

' 66. 




Ag, 33. 
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A LIST OF ALLOYS (Continued) 

ALUMINUM ALLOYS (Continued) 



Al 

Vcrilite. 

Hal. 

VVolframium. 

98. 

Woiframium. 

98. 

W. 0. 33. 

Hal, 

Zeppelin Alloys; 


Rod. 

94.58 

Braces. 

99.1 

Channels. 

88.68 

.Angles. 

90.27 

Zimaiium. 

93.5 

Zinialium. 

91. 

Zimaiium. 

88.5 



ZisLutn. 

83. 

Zisium , .. 

82. 

Ziskon.. 

60. 

.Al-Cii, Strongest... 

Hal. 

Al-Cu. 

91.66 

Al-('ii. 


Al-Cu-Ni. 

Hal. 

.\1-Cu-Ni. 

Bal. 

Al-(.,'u-Zn Strong: 



80. 

Forged. 

75. 

Centrifugal Cast 

80. 

Ingot. 

82.7 

Ingot. 

82.8 

Casting. 

83.55 

.Al-Cu-Mg Casting. 

93.6 

Al*('u-Mg t'asting. 

93. 

At Cu-Mg Casting. 

91.9 

.Al Cu-Mg Casting. 

95.5 

Al-Ni-Ti. 

97.6 

Al-Ni-Zn. 

85. 

Va All«jy. 

80.2 

W Alloy. 

82.1 

Alloys Rcseart h 


Committee: 


“ Y ” Casting.. . 

82.5 

“ A ” Forging . . . 

77. 

•E” Rolling. . , . 

76. 


Cu 

Z.n 

Mn 

Mg 

Ni 1 Fc 

Si 1 Other Elements 

2.5 


0,3 

. 

. 0.7 

1 

0.4 I. 

0.36 



. 0.22 

.iSb, 1,4; \V, 0.05 

0..375 


. . .1 . 



14. 

.! 1. 

. 


; iV',0.04 


4.16 

0.06 

0.7 

0.7,1 


1 . 

3 . 


.1.75 

7.16 

7.57 

2 . 

4.1 

5. 

A. 

3. 

3.15 

S.52 

4. «7 
3.61 
3.6.5 
3.37 
4. 


5.01 

12.32 


4. 
3. 
2..5 



0.62 



0,42 

0.38 

0.43 

0.15 

i 

0,52 '. 

0.13 

9.1 

7.8 

2.8 




0.45 

0.27 

3.7 

4.5 


0,49 Sn.0.15 

0.37 Sn, 0,11 




4.4 

14.8 

15. 

15. 


V.l 

11.2 



. . ... 






40. 








:::::: 


i 

. 




0.85 
0. \A 

i).33 ' . 

0.1 

0.07 



0,.?2 . 


5.25 





l.l 

. 


15. 

22. 

17. 

12.8 

9.9 

11.1 




.1. 





( 





1 

0-39 

O.IH 

OXH, 

. 

2.23 

2.25 

3.5 

0.5 


0.48 

0,81 

0.19 

0.31 

0.60 

0.38 

0.19 ;Pb,0.19i Sn,0.12 
.Pb, 0.3; Sn,0,27 

j. 




0..i« ,. 


0.55 


0.29 '. 




2.0 

10. 


.!Ti,0.4 

5. 

13.7 

4.S 






0.72 

.|V, 0,2 




. I\v, 1.0 


. , 

.,s 

2- 


j 

20, 

20. 





0.5 i 0.5 ;. 

0,2 I 0.2 1. 


TIN BASE ALLOYS 


Sn 



94 5 


90. 

Algiers Metal . 

75. 


79. 




77.9 


85. 


85-50 


76. 


67. 

Grimm’s .. j 

Grimm's .j . j 

Aluminum, Wegner and Guhr’s.1 

Aluminum, Wilmotts. 

69.1 
! .50. 

1 80. 

1 86. 
i Hal. 

! SO. 

; 47.5 


1 49.5 
85. 


Sb 

_ 

0.5 

Cm 

5. 

l*b 

Other Elements 



25. 



14. 

2. 

. 

Zn, 1. 

15. 

3. 


Zn. 2. 








Zn, 2.8 



. 




Zn, I5-.50 




Zn, 21; A!. 3. 



27. 

Al, 3. 



28.8 

Zn, 1.44; Ag,0.72 

. ... 


25. 

Zn. 25. 


i 1 

1 


. 

j 3.43 

1 


33.3 

47.5 

26.06 


Zn, 20. 

Bi, 14. 

Zn,8-15; Al, .5 12. 
Zn, 66.6 
Ca, 5. 

Zn. 20.31 
Al, 10.; P Sn,5. 
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A LIST OF ALLOYS (Continued) 

TIN BASE ALLOYS (Continued) 



Sn 

SI) 

t:u 

PI) 

Other Elements 


8Q. 

7.3 

3.7 ^ 

1 



83 

8.4 



JJearinR: 







89. 

7.3 

3.7 





4.5 

4.5 




91. 


.1 






4 




9(). 

8. 

2. 




89. 

7. 

4. 





8.9 

1.8 





7.4 

3.7 




87. 

7. 






7.5 

7.5 










83. 

11. 

6. 




82. 

10. 





82. 

12. 

6. 




81. 

12.5 

6.5 






10. 




76.7 

18.5 

7.8 




76. 

7. 

7. 



Prussian. 

74. 

15. 

11. 

10.6 

Zn, 0.18: l-’c.0.22 









26. 





71.1 





71. 





70.8 

15.1 

4.9 

9.2 



70.7 

19.7 

9 .5 



G. W. R. Filmland. 


11. 

22. 

; 


67. 

12. 

11. 

. 1 . 



7. 

3. 

1 


71.8 

24.3 

3.85 



Prittania; 






English. 

94. 

5. 

1. 




90. 




Hi, 2. 




3. 





9.7 

1 8 


’/a\, 3. 



9.2 

0.2 



Cast. 

s.s..*; 

10.5 

1. 


7.n, 3,0 

Cast Tutania. 

91.4 


0.7 

7.62 

Zn. 0,25 


92 ..15 

4.65 

2.45 

0.32 



90.57 

9.38 

0.03 




85,5 

10.5 

1 . 


In, 3.<l 


oi.,s 

7.1 







1.5 




9.1.7 

3.75 

2.6 

. 



88.4 

8.7 

2 9 







.. . 



84.7 

5.0 

3.7 


Hi, 4,9; Zn, 1. 



8.68 

2.8 




14.42 

0.15 




84.46 

5.62 

3.68 


Zti,l,S3; Hi, 4.88 



7.81 

1.46 



91.46 

7.12 

1.4 






2.7 

6.0 

Zn, 1.3 



. 

3.85 


German. 

84. 

9. 

2. 


Zn, 5, 


81.9 

16.3 

1.8 




70.82 

15.10 

4.91 

9.21 



9.1.65 

3.75 

2.63 




88.52 

7.10 

3.48 




91.1 



6.35 

Zn, 8.25; Fe,0,23 


72.2 


1.3 


Zn, 26.5 


48. 

10.5 


32.5 

Hi, 9. 


80. 



5. 

Bi, 15, 


.1.1.3 





98.13 


1.6 

0.25 



90. 


10. 




07.6 


2.16 


Fe, 0.11 


90. 

8. 

2. 


Hammonia Metal. 

64.5 


3.25 


Zn, 32.25 
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A LIST OF ALLOYS (Continued) 

TIN BASE ALLOYS (Continued) 



Sn 

Sb 

Cu 

PI) 

Qllicr Elements 

Hoyles Metal. 


12. 


,2 





. 


Zn, 0.18; Ee, 0 2_ 




s 








Minofor (Brittaiiia). 

68..') 

18,2 

,1 


Zii, to,' 






Zn, 0. 



7,1 


. 



1,1 

s'. 








Zn, .15, 

Parsons White Brass.. 

81. 

11. 

1,5 

8..S 






















,151 


Zn, 0,88 

Pewter. 

80.8 

7 6 

1.8 

l.S 

Pewter. 

87. 

.5 7 

16 

11.5 


Pewter. 

80..t 

7,6 

1,8 

1.8 



















P io 

Plastic Metal. 

80 5 

8.6 



Fc. 1,1 

Poterie d’Ktain. 

00. 

0. 

I. 









Queen’s Metal. 


16.5 


16.5 

Zn. 12,.^ 


87. 


8.5 


Zn, 1. 









7.1 

8.5 






8,.5 


lii, 1.0 



17. 


.LE 






Zn,10. 







06.2 


1. 

2.4 

Ni,0.8; IV.O l 

Tinfoil. 

87.5 

0..5 

4. 

8. 





10. 




87.5 

.5. 











01.4 


0.7 

7,62 

Zn.O >5 

Tulania, t'ast.. 

0>.4 

4.6 

.15 

0.82 

l e, (1.18 

'Putania, English. 

KO. 

16. 

2.7 

. 

Zn, 18 






Zn, 1,8 


















. 


LEAD BASE ALLOYS 


PI) 


Ai.cumuliitor Metal (t'ondcnscr Foil) 

Aluminum Solder, Frismuth. 

Antifriction. 

Antifriction. 

Antifriction. 

Antifriction. 

Antifriction.. 

Antifriction. 

Battery Plates. 

Bearing. 

BcariuR (Katzenstcin). 

Bearing. 

Bearing. 

Bearing. 

Bearing. 

Bearing. 

Bearing. 

Bearing (American).v. . 

Bearing. 


Wt 

KH. 

Kt. 

7H.S 


77. 

94. 

80 ..'? 

77.6 

7t.n 

68.0 

71. 

61.0 
48. 
46. 
4(1. 


Sn 

SI) 

Cu 

Other Elemerils 








Al, 8, 







. 







10.6 


Zn, !. 

10. 

12.5 

0.5 


«. 

14 

1. 


11,6 

7,4 

0.5 


7.8 

16,8 

0.4 


8.5 

18,0 

0 1 


'2.6 

20 5 

1.6 


7.7 

18,5 

2. 


26.2 

10. 

1.8 


25,0 

18 0 

I.O 


40. 

10 

2. 


86,5 

16.5 

1.0 


42. 

10 . 



— 


— 
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A LIST OF ALLOYS (Continued) 

LEAD BASE ALLOYS (Continued) 


UcariiiK. 

Hearing. 

Rearing. 

Bearing.. 

Bearing. 

Bearing. 

Rearing. 

Bearing. 

Bearjng Contpagnie <lc I’list. 

Rearing. 

Bearing.. 

Bearing, American Railroad. 

Bearing, French Railroad. 

Bearing, Paris-Lyon-Mcditcrranean Railroail 

Rearing, American Railroad... 

Bearing, Graphite Metal. 

Bearing.. 

Bearing. 

Bearing, Chemin de fer dc Test Franc. 

Bearing.. . 

Bearing, Italian Railroad. 

Bearing. 

Capsule Metal...... 

CUchler Metal.... 

Clichier Metal..... 

Clichier Metal. 

Clichier Metal. 

Klectrotype Metal. 

English Linotype. 

English Stereotype .. 

Frary Metal.. 

Fahlim Brilliants. 

Foil-Lead (Calin). . 

French Auto. 

For Small Castings. 

Glievor Bearing. 

“Glyco”. 

Hard Lead. 

ffoyle’s Metal. 

Hoyt Metal. 

Jacana Metal. 

Locomotive Bushing. . 

Linotype Metal.. 

Mackenzie Metal.. 

“Magnolia”. 

“ Magnolia”. 

Marine Babbitt.. 

Metallic Packing.. 

Metallic Packing, Compagnic d'Orleans. 

Mystic Metal . 

Non*pareil. 

Noheet. 

Pewter. 

Pewter. 

Piston Packing, ('ompagnie dc Nord. 

Shot lycad. 

Solder. 

Plumbers. 

Half and Half. 

Tinman’s. 

Stereotype Metal. 

Stereotype Metal. 

Stereotype Metal. 

Stereotype Metal. 

Stereotype Metal. 

Stereotype Metal. 

Tandem. 

Tea Lead.. 

Terne Metal. 

Type Metal. 

tngiish, Old. 


Pb 

So 

Sb 

Cu 

1 Other Elements 

37. 

50. 

n. 

1. 


25.5 

61. 

10.5 

2.8 


11.8 

74. 

9.5 

4.7 


10. 

75. 

12. 

3. 1 


86. 

1. 

13. 



83.3 

8.3 

8.3 

8. 


82. 

2. 

16. 



' 80. 

10. 

W- 



80. 

12. 

8. 



80. 

5. 

IS. 



76. 

7. 

17. 



73.5 

8. 

18.5 



70. 

20. 

10. 



70. 

10. 

20. 



68. 

21. 

11. 



68. 

IS. 

17. 



62. 

27. 

10. 



60. 

20. 

20. 



42. 

42. 

16. 



40. 

45. 

IS. 



37. 

38. 

25. 



10. 

75. 

15. 



92. 

8. 




46. 

33. 



(M, 21. 

50. 

36. 



Cd, 14. 

32.5 

48. 

10.5 


Bi,9. 

5. 

80. 



Hi, 15. 

93. 

3. 

4. 



83. 

5. 

12. 



82.5 

4,5 

13. 



98. 




Ba Ca 2, 

40. 

60. 




86.5 

12.5 




75. 

10. 

15. 



5. 

7.S. 

20. 



76.5 

8. 

14. 


Fc, 1.5 

80.5 

4.5 

14.5 


As, 0 5 

80. 

46. 

12. 

0.5 







96-00 

1. 

.3.9 

1 


10. 

20. 

' 

65.6 

8.8 

15.4 


85. 

3. 

' 12. 




17. 


78. 

6. 

16. 


79.75 

5. 

15. 

i.1 

1 Bi.0.25 

72, 

21. 

7. 



82.25 

4.75 


.... :. 






88.7 


10.8 


Hi.O.l 

78.35 

4.95 

16.7 


98.41 

0.08 

O.Il 


Na, 1.4 

11.5 

87.2 

5.7 

i.6 i 


2t). 

80. 




73. 

12. 

15. 

. 


99.8 




As, 0.2 

60. 

■W. 

1. 



66.6 

33.3 

i 



50. 

50. 





66.6 




82. 

6. 

12. 




3.2 




76. 





70. 

7. 

23. 



67. 

17. 

18. 





5. 



77.7 

5.0 

16.8 








88.25 

18. 

1.75 



70. 

10. 

18, 

; 2.0 


69.;^ 

9.1 ! 

19.5 1 

1 1.7 
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A LIST OF ALLOYS (Continued) 

LEAD BASE ALLOYS (Contiaued 


Type Metal {Continued). 

EriKlish. 

English. 

Krupp. 

English. 

English. 

(/crman. .. 

German. 

German. 

(rerman. 

('ommon. 

('ommon. 

Best. 

French. 

French. 

Alco. 

White. 

White. 

White. 


Pb 

Sn 

1 Sb ; 

Cu , 

1 

j Other Element.'; 

63.2 

! 

12. 

24. 

0.8 


60.5 

14.5 

24.2 

0.8 


59.6 

12. 

18. 

4.7 

Ni,4.7; Bi, 1. 

58. 

15. 

26. 

1. 


77.5 

6.5 

16. 



75. 

2. 

23. 



i 60. 

35. 

5. 



60. 

34.6 

5.4 



60. 

15. 

25. 



6(1. 

10. 

30. 



55.5 

40. 

4.5 



50. 

25. 

25. 



55. 

22. 1 

23. 



55. 

15. 

30. 



98.5 



« 

Ba Ca, 1 5 

77. 

5. 

15. 

2.3 

.33. 1 

53. 

10.6 

2.4 

' Zn. 1 

33-9 

49.1 

13.6 

3.3 



ZINC BASK ALLOYS 



1 Zn ■ 

1 

Cu 

i - 1 

■| 

Sb 1 

Pb 

Other Kletncnls 


17.5 

5.5 

31.5 


1 



47.4 

5.3 

36.8 


1 



31). 


65. 












.S7. 



1 




94. 



.1 


Al,'4. 
















52. 


30. 







71.5 





6.1.4 

3.2 

21.3 





69. 

5. 

26. 

3. 

5. 



90. 

7. ! 

1.5 

1 5 







> 



85. 

5. 

10. 


1 . 


77. 

5.5 1 

17.5 




67.7 

7 1 

14.9 




66,5 

4.2 

29.3 




55. 

0.55 

22.7 



Al, 20 : Pb, 1.25 


90.2 

6.3 

0.8 




84.3 

114 

1 4 


2.9 




20.25 




l'e,0..13 


48. 

3. 

48. ' 

1. 

1. 


80. 

20. 






31.5 



68.5 


(Zn,4.i.; Sb. 571 


52. 

1.6 

46. 

0.4 



20. 



20. 




85. 

5. 


10. 




80. 

8. 


10. 



89. 

4. 

4. 


' 3. 



89. 

.1. 

6. 


1 2. 

I* ■ ■ 


76.2 

5.6 

17.5 


1 



80. 

6. 

14. 




80. 

8.5 


14.5 


Glievor Bearing. 

1 73.5 

4.4 

6.7 

9. 

1 5. 1 

I (\l, 1.4 


93.4 

3.5 


1.5 

3.1 i 



47. 


38. 

6. 




i 32.25 

3.25 

64.5 


1 



1 77.25 

1.12 

21.63 



Iridium. 

1 83.00 

1.25 

15.75 ; 

'Fracc 


1. 


67 

9 




' Al. 15. 


.50. 


25. ] 


25. 

i ' 





1 
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A LIST OF ALLOYS (Continued) 

ZIHC BASE ALLOYS (Continued) 



Zn 

Cu ■ 

Sn 

Sb 

Pb i Other Element 






i 






. .M.5. 


K5. 





77. 




j 


87.5 

6.25 





86. 

10. 





85. 





“ Hart4ink”. 

91.9 

0.13 



2.4 ! iV, 5,3 


,10. 

5, 

65. 



Pierrot Metal, Heuttnot. 

83.1 

8.3 

7.6,0 

3.5 

"l' 

Propeller Hushing. 

69. 

5. 

19. 

7. 



72. 

7. 

21. 


1 


98.5 


0.98 


0.32 ! Fr,0.16 


26.5 

1.3 

72.2 


Salge Metal. 

85.5 

4. 

9,9 


1.1 '. 








8.25 












48. 






47.5 






98, 






88. 

(0, 


.i 1-v: 10. 


90. 



8. 



75, 



2.5 

■'t's '. 








FUSIBLE METALS 

. 







Other 1 Temperaturt 


Hi 

Sn 

Pl> 

(i<l Elements of Fusion 

! ! 



iO. 



[is, 10.,S i «)” c. 







3.1.3 

33.3 




27.5 


27.5 

1 


25. 

50. 

25. 



50. 


25. 



.S'2.5 



1 1 96<' C. 



13.1 

27.3 


. j 70-74"’ C. 







































13.3 

26 7 


1 



18.75 



, 


so: 




' 


,50, 





V na»'e 







.5J) 


25. 


. i .. 

. 




. i .. 


GOLD ALLOYS 


Standard Gold, Wrillsh 
Standard Gold, U. S . 

22 Carat. 

22 Carat Dental, Dark 
22 Carat Dental, Li«kl 
20 Carat. 



Au 

As 

Cu 

Other ElcmenLs 


91.66 , 
: 90. 
i 91.66 
' 91.57 ' 


8.33 i 
10. 
4.166 
3.44 






4.166 
4.99 
8.43 : 
8.33 





91.57 



83..33 

8.33 

























































































































APPENDIX 


255 


A LIST OF ALLOYS (Continued) 

GOLD ALLOYS (Continued) 



All 

As 

Cu 

Other Eh:mcnts 




5.99 



75,0 

10.4 

14.6 



7.5.00 

12.00 

13,00 




14.6 

10.4 



71.H8 

19,13 

5,99 




20.00 

5 00 




6.6 

26.6 




11.12 

9 1 T!) 



66.6 

19.4 

13.8 





7.98 




iroi 

13.25 




1,16 

.r/.5 








25.67 




16.6 


14 (!arat Special. 

58-.^.^ 

27.77 

13.'81 




30,03 

11.94 




35.42 




(6 <M) 



41.6 

16.6 

41.6 




20,00 

38.34 





46.70 




25. 

22. 



75 


25. 





50. 




8.3 







l e, 8,3 



25. 



Green Gold. 

75. 

16.6 


Cd, 8.3 


71,6 

11.4 


(•<i, 4,3 


75. 

12.5 


Cd, 12.5 


85.7 



I'e, 5,7 





I'<', 16.6 


75. 


. 

I'e, 25. 





Pd, 10 

Piitliidium Gold... 

00. 


. 

Pd, 10 


;,S 85 



Ni,10-8; ZiJ.2-9 

Gold Solders: 






75. 

13. 

12, 



62.5 

31.25 

6.25 



75. 

16.6 

8.3 







12 (?.ir:it. 

47.8 

29. 

IV.1 

Brass, 6.1 

10 Carat. 

41.2 

37. 

21.2 

Brass, 0.6 


25. 

50. 

25. 








62.5 

22.5 

15. 




81,75 

13.75 


Very Easy Mel(. 

11 .5 

.54.5 

28.5 

Za, 5.5 


SILVER ALLOYS 


SterlinK Silver. 

Rupee. 

Standard. 

Silver Sohlers: 

Hard. 

Sterling.... 
Medium.... 
Medium.... 
Enamel.... 
Pure Silver. 
French. 


Ag 

! Cu 

92.5 

7.5 

91.6 

8.3 

90. 

10. 

80. 

13.2 

80. 

2.5 

75. ' 

20. 

70. 1 

22.5 

66.7 1 

33.3 

72. 1 

28. 

66. 

23.3 


Zn 

.Sn Other Elements 










6.8 

17.5 

5. 

7.5 













. 

10. 
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A LIST OF ALLOYS (Continued) 

SILVER ALLOYS (Continued) 



Ag 

Cu 

Zn 

Sn 

Other Elements 

Silver Solders iConlinued) 

64.5 

62.5 
62.5 
63..5 
62.5 
56.9 
40. 

40. 

33. 

22.5 
30. 
31.2 
20.9 
20.9 
27.7 
14. 
35. 
40. 
50. 

42.5 
.59.5 

13. 

7.5 

6.2 

16.6 

10.4 

11.5 

6. 

• 












6,2 

3.8 







Ni,25. 

Ni,27. 

Ni,30. 

xNi,8.5 

Ni,3.5 

Ni,72.; Bi,3.72; Au,0.71 





20. 

33.25 

27.5 

23.57 



Argent Francais (Odessa). 

Argent Francais, Mousset’s Silver. 

15.75 

9.5 








PLATINUM, ETC. 


Thermo-couples. 

Thermo-couples. 

Solder. 

Resistance. 

Platine-au-titre. 

Platinum-Gold: 

White. 

Almost White. 

Almost White. 

Cooper’s Gold. 

Cooper’s Gold. 

Cooper’s Fen Metal 
Cooper’s Fen Metal, 
Cooper’s Mirror.... 

Palladium Gold. 

Platinum Substitutes; 
Palau. 

Coojxir’s. 

Cooper’s. 

Electrical. 

Electrical.. 

Electrical. 

Proplatinum. 


00 . 

90. 

27. 


40. 

30. 

58.3 

18.75 

29.17 

.%{). 


*).5 


20 . 

25. 


7.5 

5. 


Ag 


, 73 . 
66,6 


17-35 ,. 83-65 


60. 

70. 

16.6 


6/.5 
7(1. 
70. 
0.75 


Other Elements 


Tr. 10. 
Rh, 10. 


Cu, 81.25 
Cu,66.6; Zii,4.15 
Cu, 12.5 
Cu, 50. 

Cu,58.: Sn,27.5; Zn,3.5; As,1.5 
Pd, 10.35; Cu, .39.65 

Pd, 20. 

Ni,60.: I'd, K).; V, 10. 

Ni, .3. 

Co. 5.; 1M,2.3. 


Ni,5. 

Ni,72.; 1U,3.75 


RESISTANCE ALLOYS 



Ni 

Cr 

Fe 

Mn 

Cu 

Zn 

Other Elements 


44.3 

26. 

64. 

65. 

65. 

80. 

85. 

64. 

24.4 


0.5 

1 . 

25. 

15. 

23. 

1.15 

3. 

8. 

53.9 

56. 





18. 



8. 

12. 

12. 

20. 

15. 

15. 






















25. 

7.3. 

66.9 






2.6 

0.8 





2.2 

0.4 

54. 

54.15 




46. 

4.3.9 





6.4 

) 

1.34 



Dilver. 

(See Phatinite 










































































































APPENDIX 


257 


A LIST OF ALLOYS (Continued) 

RESISTANCE ALLOYS (Continued) 



Ni 

Cr 

I’c 

Mn 

Cu 

Zn 

Other Elements 

Eureka . 

(SeeM 

angani 






Excello . 

85. 

14. 

0.5 

0,5 







13al. 


0.3 


W, O.S-1.0; C0..35 

Fcrrozoid . 

Nickel 

steel 



la-la . 

40. 




60. 



Ideal . 

45. 






.M,0.66 


40. 






Invar. 

M>. 


64. 





Kromax... 

80. 

20. 






Kromorc. 

85. 

15. 






Kruppin . . 

28 j>cr 

cent N 

ickei St 

eel 





6/ 








95. 



5. 







I3ai 




C, 1.2 


4. 







2. 








12 . 








2,.3 


0.6 

15. 




Maiigunin . 

5. 



25. 

70. 



Marsh’s Patent . 

75. 

25. 







67.1 







Nichroloy . 

75. 

16. 

8. 

3. 





40. 

7. 

50. 

.3. 





2,3. 

20. 

50. 





Niclirome I . 

60. 

11. 

>5. 

4. 





75. 

11. 

12. 





Nichrome. . . 

66. 

22. 

10. 

> 





18. 







Nickclin..., . 

.12. 




08. 



Nickelin.. . 

•>1.5 




55.3 



Ni-Cr-Cu . 

80. 

25. 



20. 



Ni-Cr-Cu . 

85. 

20. 



15. 



Ni-Cr-M. 

88. 

8. 





Al, 12. 

Nou-Magn»-tic Higli Resist- 








.30. 

70. 







25. 


75. 






60. 

15. 

20. 

5. 





46 42 


54 58 






24.77 


0.17 

0.15 

54. 

20.4 









\V. 1 2 


85. 

15. 








1.8 

11.7 

86.5 






.3. 

12. 

85. 






12. 






25. 


5. 


52.5 

18. 






18. 

67.5 


AI, 1.25; Si, 0,25 

Tarnac. 

(Sec M 

angani 

u) 







67.3 

1.12 

1.1 




61. 

10. 

26. 

3. 




Vi'staliij. 

(28 IHT 

cent N 

ickel Ste 
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HEAT RESISTING ALLOYS 



Ni 

Cr 

Fe 

Cu 

Mn 1 

Other Elements 

Aluminum Bronze. 


12. 

5.0 ; 

I. 3.1 ! 

18.5 

13.6 

II. 76 
14. 

13-17 

Bal. 

50.0 

Bal. 

Bal. 

79.5 

80.8 

Bal. 

Bal. 



Si, 5.; C,0.45 

Calitc. 

Clebrium. 

Clebrium. 

Cobaltcrome. 

Duke’s Metal. 

Flame Resisting. 

35.0 

2.0 

4.6 

9.7 

2. 

0,75 

2.8 

0.2 

0.2 

0.77 

Al, 10.0. 

Mo, 3.6; Si, 1.5i C, 2.6 

C,2.0 

Co,3.7; Mo,0.8; Si,0.8; C, 1.5 
Si,0.6; C, 1.45; Co,4.; W,0.35 
Si, 0.2; C,0.23 

Si, 1.; C,0.4; Mo, 1. 

Monel Metal. I 
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A LIST OF ALLOYS (Continued) 

HEAT RESISTINO ALLOYS (Continued) 


Other Elements 


C, 0.3 
Si, 0.3 

Si, 3.36; C, 0.35 
Si, 3.7; Mo, 1.33 


Silchrome. 9.5 

Silchrotne Wire. 18. 


Si, 4.; C,0.S 
Si. 3.; C,0.3; W, 3. 


NON-CORROSIVE ALLOYS 


Cr Co Ni Cu Fe 


Other Elemcnls 


Bario (sheet). 4.25 . 

Bario-Metal, Soft. 20. 

Bario-Mctal, Hard. 30. 

Borcher’s. 30. 

Borcher's. 30. 

Horcher's. 30. 

Borcher’s. 36. 

Borcher’s. 65. 

Brix. 15-20. 

Cobaltcrome. 13.6 

Cobaltcrome. 30-25 

Cufenlum. 

Cuniloy. 

Delhi. 18. . 

Duke’s Metal. 

Duke’s Metal. 11.8 

Haynes Metal. 20-30 

Haynes Metal, Hard. 15. 

Haynes Metal, Soft. 10. 

Ilium. 21. 

Krupp’sVlM. 14.25 

Krupp’s V2A. 23. 

McFarland and Harder.... 43. 

McFarland and Harder.... 30. 

McFarland and Harder_ 10. 

McFarland and Harder_ 16. 

Neva.stain. 9.5 

Non-Oxidizable, Lemar* 

quand. 

Non-Oxidizable, Marties’. 

Parr. 15. 

Parr. 18. 

Sea Water. 1.2 

Sea Water. 

Sideraphite. 

Stainless (Armstrong). 12. 

Stainless (Brearley). 13. 

Stellite. 25. 

Stellite. 25. 

Stellite. 15. 

Stellite. 15. 

Stellite. 15. 

Stellite. 20-23 

Stellite. 33.6 

Stellite'. 26.4 

SteUite. 13.2 


90.W, 1.2; Si, 0.3 

.W, 20. 

.W, 25,; Mn, 10.; Ti,5. 

35. 

34 .As, 2. 

35 .Mo, 0.5-5 

. 60. Mo, 4. 

. 35. 

60-75 5.Si,4.; W,l-4; Mn,Ti3; B,l 

. 79.5 Mo, 0.84; Si, 0.8; C, 1.5 

. 70-60 . 

22. 72. 6. 

65. 25.Mn,35.; Pb 1. 

.Si, 1.5; C, 0.3 0.6; Mn, 0.3 

40. 30. 30. 

. 89.8 W,0..35; Si, 0.6; C, 1.45 

. 10-75. 

.W, 40. 

.W, 28. 

62.5 6.5 1. Mo, .5; W, 2; Mn, 1; Al, 1. 

2.25. Bal. C.O.l 

9.5 . Bal. C, 0.4 

46. 11. 

.5*). 11. 

48. 43. 

29. 55. 

. Bal. Si, 3.8; C, 0.43 

7.0 39.Zn,37.; Sn,9. 

35. 17; 10. /.n, 18.; Sn, 10. 

80. 5.■. 

66.6 8.5 .W, 3.3; Al, 2.0; Mn, 1.; Ti, 0.2; 

B, 0.2 

24. Bal. Mn, 0,6; Si,0..1.';; C, 0.5 

16.7 .Mn,5.; Si,0.3; (;,0.7 

23. 5. 63. \V, 4.; A1,.S. 

. Bal. Si, 5.; (’,0.45 

. Bal. C,0.3; Mn,0.3 

W, 5, . 

.W, 2.5 

.W, 25; Mo, 5. 

.Mo, 40. 

. 3-5 W, 15-20: C, 1.5-4.0 

.W,9.2; C, 1.5 

. 10. W, 12.5; Mo, 9.5; C, 1.8 

. 0.5 Mo. 24.1 
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A LIST OF ALLOYS (Continued) 

NON-CORROSIVE ALLOYS (Continued) 



Si 

Mo 

C 

P 

S 


14-14.5 i 
14-15 ! 

Similar 

0.25-.15 
2-2.5 

0.2H5 1 

0.75-1.25 j 

0.16-0.2 

0.05-1 

0.005C 
0.05-0 15 

Duriron... 
Coriosiron'] 
Ironac 
EHanite ' 
BuOocost 1 
Taotiron J 

i 

L ! 
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Accelerators of corrosion of 
iron, 36 

Acetic acid and alnininiini, 67 
Acetic acid and Chenii-steel, 69 
Acetic acid and copper, 67 
Acetic acid and fcrro-silicon, 

70 

Acetic acid and iron, 68, 70 
Acetic acid and Monel metal, 70 
Acetic acid and niclironie, 70 
Acetic acid stills, 16 
Acetylene, 145 
Acid-proof stoneware, 97 
Aryl chlorides, 140 
Aeration, inlluence of, 15, 74 
A,4itation, importance of, 13 
Air as a factor in influencing 
corrosion, 16, 74, 

Alkalies, t23 
Alkalies and cotton, 135 
Alkalies and lead, 126 
Alkalies ;ind Monel metal, 128 
Alkalies and ]i;unt, 136 
Alkalies and silk, 136 
Alkalies and varnish, 136 
Alkalies and wool, 135 
Alkali resistatit alloys, T27 
• klloy steels and siilfttric acid, 

Aluminum and acetic acid, 67 
.Aluminum bronze, 85 
.Aluminum and butyric acid, 72 
.Aluminum and caustic soda, 
126 

Aluminum and nitric acid, 59 
yAhtminum and sulfuric acid, 48 
Aluminum and water, 84 
Ammonia, anhydrous and 
metals, 127 


yAmmonia, aypia and metals, 126 
Ammonia as a ])reventer of 
corrosion, 62 

.Ammonias, stthstituted, 137 
.Ammonium nitrate, 83 
.Antimony and hydrochloric 
acid, 64 
.Asbestos, 131 
Asphalt, 121 

.Asphalt acid-proof floorings, 
185 


Ikikclite, 136 

Harium nitrate and platinum, 
128 

liases tind Non-metallic ma¬ 
terials, 124 

liases and metals, 124 
liases, properties, 123 
llenzyd chloride, 141 
llituminous enamels for con¬ 
crete, I7() 

llituminous paints for concrete, 
178 

llrick, acid-proof, 96 
Urine atid concrete, 177 
Urine, corrosion from, 61 
llromine, 139 
llronzcs, corrosion of, 86 
llronzes and sulfuric ticid, 49 
llureau of Standards tests of 
hair cloth, 116 

llureau of Standards tests of 
laboratory glassware, 99 
Burgess ami linglc, 30 
llutter, 70 

llulyric acid and aluminum, 72 
Ilutyric acid and steel, 70 
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INDEX 


Cadmium, 49 

Calcium chloride solution, ab¬ 
sorption by wood, 105 
Camel hair cloth, 117 
Cans, tin, corrosion of, 72 
Canwood, Ifnglish and 'I'urner, 
too 

Carbon dioxide, 75, 82 
Carl)on tetrachloride, 141, 143 
Catalysts, 13, 35, 49, 64, 72, 
I,VI 

Caustic jKitash and platinum, 

125 

Caustic soda and aluminum, 

126 

Caustic soda and iron, 125 
Caustic soda and lead, I2() 
Caustic soda and zinc, 126 
Copper and ammonia, 127 
Caustic soda and copper, 126 
Caustic soda and nichrome, 

127 

Caustic soda and nickel, i2() 
Caustic soda and iilatinnm, 128 
Caustic soda and Stellite, 127 
Caustic soda and tin, 126 
Cement, 93, 121 
Chemical l)rick, 96 
Chemi-stccl, 33, 56, 69 
Chemi-stcel and nitric acid, 56 
Chlorine, 139 
Chloroform, 141 
Citric acid, 72 

Coal gas, effect on cast iron 
pipe, 81 

Coated metals, 17 

Cobalt and chromium alloys, 

5 - 

Cobalt and sulfuric acid, 49, 52 
Cocoamit liber, 119 
Concentration, effect of, on ac¬ 
tion of sulfuric acid on 
metals, 42 

Concrete, 93, 120, 154, 171-189 
Concrete and alkalies, 129 
Concrete and ammonia, 187 
Concrete and chemical liijuors, 
176 


Concrete and brine, 177 
Concrete and sea-water, 94 
Concrete and oils, 174, 175 
Concrete, influence of tempera¬ 
ture on, 175 

Concrete in salt plants, 177 
Concrete, materials for, 173 
Concrete, protection of, 172, 
174, 178, 186, 188 
Copper and sulfuric acid, 48 
Concrete, nsf^s of, in chemical 
engineering, 171 
Condensers, materials for, 158 
Copper and acetic acid, 67 
Copper and caustic soda, 126 
t'opper and nitric acid, 59 
t'opper, corrosion of, 85 
Cop[)cr sulfate, 83 
Corrosion, atmospheric, 74-81 
('otton and acids, 112 
Colton and alkalies, 135 
t'otton and salt solutions, 114 
Cotton and sodium sulfate 
liquor, 114 

Crabtree and Mallhews, 145 
Creighton, H. J. M., 94 
t.'resol, 145 

Crucible Steel Co.'s special 
steel, 33 
Curry, D. li., 85 
Cypress, 104, 131 

Data, necessity of .adequate, 19 
Duraloy, 57 
Duralumin, 72 

Dnriron, 36, 39, 57, 61, 66, 73, 
126 

Dnriron .and sulfuric acid, 39 

l■'.lcclrolytic action, 16, 75, 82 
Eliainte, 36 

Enamelled ware and acids, 104 
En.amels, 103 
b'.namels and alkalies, 129 
E.quipment, f.actors governing 
selection of materials for, 

150 



INDEX 


Evaporators, materials for, 

153 

Exhauster, corrosion of, 16 
Exi)eriments, conditions of, 12 
Exjx!riments, laboratory, value 
of, 12 


Factors governing corrosion, 
12 

Fatty acids, 72 
Fazvsitt and Powell, 25 
Ferric sulfate, 83 
Ferro-silicon and acetic acid. 


70. . 

Ferro-silicon and alkalies, 126 
Ferro-silicon and hydrochloric 
acid. 61, 66 

Ferro-silicon and nitric acid. 


Ferro-silicon and organic acids, 


73 

Ferro-silicon and salt solutions, 

83 

Ferro-silicon and sulfuric 


acid, 36 

Ferro-silicon and zinc, i.)4 
J''errous chloride, 83 
1'ilter cloth, 112, 115 
Fisher. Ji. , I., 80 
Floors, acid-proof, i8[ 
Formic acid. 72, 73 
h'ostcr and Koherts, (>3 
Frary metal, 88 
Frerichs. F. IV., 187 
Fused silicti, 103 


(ialvanized iron, 83 
Gasoline, 145 
Glass :md acids, y8 
Glass and alktdies, 129 
Glassware, laboratory, 98 
Glauber’s salt, 114 
Gold and sclenic acid, 67 
Gold and sulfuric acid, 47 


Hair cloth and acids, 116 
Hair cloth filter bags, 116 
Halogens, 139 
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Hargreaves and Robinson, 64 
Hanser and Bahlman, 105, 132 
Hexamethylcne tetramine, 137 
Hoover, C. R., 168 
Hydrazine hydrate, 137 
Hydriodic acid, 67 
1 lydrobromic acid, 67 
Hydrochloric acid and anti¬ 
mony, 64 

I fydrochloric acid and ferro- 

silicon, 61, 66 

Hydrochloric acid and metals, 
()0, 64 

Hydrochloric acid and Monel 
metal, 67 

Hydrochloric acid and nich- 
rome, b() 

Hydrochloric acid and zinc, 63 
Hydrochloric acid i)lants, cast 
iron pipe in, 61 

Hydrolluoric acid, (k), 67, 71, 

97 

Hydrolluoric acid :ind hard 
rubber, t20 

Hydrolluoric acid, containers 
for, 153 

Hvdrogcn chloride, dry. effect 
on met.als, tit 

Hydrogen, effect of, on re.ac- 
tion between zitic and 
acids, 4<) 

Hvdroquinone, 147 

II ydroxylamine, 136 

Tmpuritics. inflitence of, 32, 35, 
45 , 4'k f^4 
Iodine, t39 
Ionization, t8 
Iridiutn, 48 
Iron. .See also Steel, 

Iron, ancient, corrosion of, 32 
Iron .and acetic acid, 68, 70 
Iroti and alkalies. 124 
Iron and nitric acid, 35 
Iron and salt solutions, 84 
Iron, cast and c.austic soda. 
Iroti, cast, and sulfuric acid. 22 
Iron-chromium alloys, 37 
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Iron, corrosion of, affected by 
accelerating and retarding 
agents, 35 

Iron drums as containers for 
sulfuric acid, 30 
Iron, slag inclusions, 32 
Iron, wrought and sulfuric 
acid, 23 
Ironac, 36 

Italian coin metal, 53 

Jacobson, M. and Dc Kent- 
venant, I. G., 176 

laboratory glassware, 98 
Lal)oratory table tops, 168 
Lactic acid and steel, 70 
Lactic acid and tin plate, 72 
I-ead and caustic soda, 126 
Lead and nitric acid, 55, 59 
Lead and nitrous sulfuric acid, 

4 - 

Lead and sulfuric acid, 41 
1^'ad, electrolytic. 45 
Lead for laboratory table tops, 
170 

Lunge, George, 24, 44 

McGoivnn, F. K. and Sclwff- 
stal, C. II'., 116 
McKay. K. J.. 13 
Magnesium chloride, corrosion 
due to, 62 

Manganese bronze, 8(S 
Maple, 104, 131 
Margalite, 174 
Masonry, acid proof, 96 
Mastics, 95 

Mastics, asphalt, acid-proof. 
181 

Meco bronze, 53 
Mercury, 144 
Meremastic enamel, 95 
Mixed acid. See both Sulfuric 
acid and Nitric acid. 
Molasses, 145 

Monel metal and acetic acid. 70 
Monel metals and alkalies, 128 


Monel- metal and hydrochloric 
acid, 67 

Monel metal and nitric acid, 59 
Monel metal and photographic 
solutions, 149 

Monel metal and sulfuric acid, 

Monel metal, corrosion of, 88 
Monel metal marine construc¬ 
tion, 89 

Monel metal, properties, 50 
.Monel metal roofing, 89 
Mortar, acid proof, 97 
Muriatic acid. See hydro¬ 
chloric acid. 

.Mustard, prepared, 145 

Nichromc, 51 

Nichrome and acetic acid, 70 
Nichrome and caustic s(.)da, 127 
Nichrome and hydrochloric 
acid, 66 

Nichrome and nitric acid, 59 
Nichrome and sulfuric acid, 51 
Nickel and caustic soda, 126 
Nickel and sulfuric acid, 48 
Nickel plated iron, 82 
Niter cake, 33 

Nitric acid and aluminum, 59 
Nitric acid and ('hemi-.steel, 56 
Nitric acid and copper. 59 
Nitric acid and lead, 59 
Nitric acid and tin, 5<t 
.Nitric acid and zinc, y) 

Nitric acid and ferro-silicon, 57 
Nitric acid and iron, 55 
Nitric acid and lead, 55 
Nitric acid and Monel metal, 
59 

Nitric acid and Nichromc, 59 
Nitric acid and Stellite, 60 
Nitric acid, properties, 55 
Nitrosyl sulfuric acid'and lead, 
42 

Nuclei, 17 

Oak, T04, 131 

Oil stills, corrosion of, 61 
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Oleic acid, 72, 73 

Oleum. See Sulfuric acid. 

Organic acids and ferro-silicon, 

73 

Organic acids and tin plate, 72 
Organic acids and zinc, 72 
Organic chlorine derivatives, 
140 

Oxalic acid, 72, 73 
Ozone and metals, 144 

Paint and alkalies, 136 
Palmitic acid, 72 
Phenol, 144 

Phenol-formaldehyde .resins, 

136 

Phenol liquors, 82 
Photographic solutions, 145, 
.^49 . 

Picric acid, 73 
Pine, yellow, 104, 131 
Platinum and sulfuric acid, 47 
Poison gas. 141 
Porcelain, 131 
Propionic acid, 72 
Pumps, ccnlrifug.al, materials 
for, 160 

Pumps, materials for, 158 
Pumps, nomenclature, 158 
Pum])s, reciprocating, materials 
for, 162 

Purity, effect on corrosion of 
iron, 30 

Kails, corrosion of, 16 
Reactions, classification of, 17 
Redmanol, 136 
Redwood, 106, 132 
Resins, synthetic, 136 
Results, mode of expression, 
12 

Retarders of corrosion of iron, 

3.1 

Richardson, E. /I., and I.. T., 

77 

Richardson, L. T.. 32 
Richardson, IV. D., 64 
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Roasters, cast iron pipes for, 
61 

Robinson, C. S., 104, 131 
Rubber and acids, 119 
Rubber, hard, and hydroHubric 
acid, 120 

Rubber lined equipment, 120 
Rusting, 74-81 

.Salt solutions and metals, gi 
Salt solutions ,and .^tellitc, 90 
Sastry, 18 
.Scale, 126 
.S'chlick, IF. 175 
Sea water, 74, 88, 94 
Sclcnic acid and gold, 67 
.Selenvl chloride, iqt 
Sherardizing, 81 
Silica atul alkalies, 129 
.Silica ware, 103 
Silk and acids, 115 
.Silk and alkalies, 136 
.Silver and sulfuric acid, S3 
Slag inclusion theory, 32 
.'slate, 98 

.Sodium hydro.xide. See Caus¬ 
tic soda. 

.Sodium nitrite, 85 
.Sodium sulfate, 114 
Spruce, 104, 131 
,8tainless steel, 33 
Steam, 62 
.Stearic acid, 72 

.'steel, alloy, and sulfuric arid, 
33 

Steel and butyric .acid, 70 
,SteeI and lactic acid. 70 
Steel and sulfuric acid, 23 
.Steel and sulfurous acid, 70 
.Steel, "Stainless.'’ 33 
.Stellite and alkalies, 127 
Stellite and ticetic acid, 71 
.Stellite and carbolic acid, 71 
Stellite and hydrofluoric acid, 

71 

Stellite and oxalic acid, 71 
Stellite and phosphoric acid, 71 
Stellite and nitric acid, 60 
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INDEX 


Stellite and salt solutions, 90 
Stellite and sulfuric acid, 52 
Stone, 97 

Stoneware, acid-proof, 97 
Stoneware and chlorine, 140 
Storage systems, 153 
Sugar house water, corrosion 
of, 88 
Sulfur, 144 
Sulfur chloride, 141 
Sulfuric acid and alloy steel, 33 
Sulfuric acid and aluminum, 48 
Sulfuric acici and bronzes, 49 
Sulfuric acid and cast iron, 22 
Sulfuric acid and cobalt, 49, 52 
Sulfuric acid and copper, 48 
Sulfuric acid and Duriron, 39 
Sulfuric acid and ferro-silicon, 

36 

Sulfuric acid and .gold, 47 
Sulfuric acid and lead, 41 
Sulfuric acid and Monel metal, 

51 

Sulfuric acid and Nichrome, 51 
Sulfuric acid and nickel. 48 
Sulfuric acid and platiuinn, 47 
Sulfuric acid and silver, 53 
Sulfuric acid and steel, 23 
Sulfuric acid and Stellite, 52 
.Sulfuric acid and tin, 48 
Sulfuric acid and wrou.ght iron, 

-3 . 

Sulfuric acid and zinc, 48 
Sulfuric acid, fuming and cast 
iron, 22 

Sulfuric acid, properties, 20 
Sulfurous acid and steel, 70 

Table tops, lal)oratory, mate¬ 
rials for, 168 
Tanks, aluminum, 1 ,'54 
Tanks, ammonia, 187 
Tanks, concrete, 174 
Tanks, curve of comparative 
co.sts, 153 

Tanks, enameled iron, 155 
Tanks for photographic work, 
149 


Tanks, lead-lined, 154 
Tanks, materials for, 153 
Tanks, Monel metal, 154 
Tanks, steel plate, 154 
Tanks, wood, 153 
Tantiron, 36 
'I'artaric acid, 72 
Tetrachlorethane, 143 
Thionyl chloride, 141 
Tile, 96 

'I'ile and alkalies, 129 
Tin and caus'fic soda, 126 
Tin and nitric acid, 59 
'Fin and sulfuric acid, 48 
Tin cans, corrosion of, by or¬ 
ganic acids, 72 
Tin-plate, corrosion of, 85 
'I'obin bronze, 88 
Tocli, M., 171 
'Frinidad asphalt, t2i 
'Frinitrocresol, 73 

Valves, aluminum, 167 
Valves, brass, 166 
Valves, copper, 166 
Valves, ferro-silicon, 167 
Valves, hard lead, iGG 
Valves, hard rubber, 1C7 
Valves, iron and steel, 165 
Valves, lead-lined, 166 
Valves, materials for, 165 
Valves, Monel metal, 1C6 
Valves, stoneware, 167 
Valves, wooden, 167 
Vacuum pans, i 
Varnish and alkalies, 136 
Velocity, effect on corrosion, 
29' 

Vitreosil, 103 
Vitreous .glazes, 103 
Volvic lava, 96 

War .gas, 141 

Water, corrosion effects of, 74- 
81 

IVafts, 0 . F., 35 
Wood, absorption of acids by, 
106 
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Wood and acids, 104 
Wood and alkalies, 131 
Wool and acids, 114 
Wool and alkalies, 135 
Wool and picric acid, 115 

Zinc, action of fused zinc on 
metals, 144 


Zinc and ammonia, 126 
Zinc and caustic soda, 126 
Zinc and hydrochloric acid. 

Zinc and nitric acid, 59 
Zinc and organic acids, 73 
Zinc and sulfuric acid, 48 
Zinc coated iron, 81 




























































